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OPERATIONAL ABORT PLAN FOR APOLLO i0 (MISSION F)

By Contingency Analysis Section

i. 0 SUMMARY

A continuous method has been defined for a safe return of thecflight

crew to earth for the Apollo lO (Mission F) mission, with or without

ground control help. The rationale and supporting data are given. The

supporting data consist primarily of maneuver monitoring techniques and

limits used to protect against known constraints and abort trajectory

data produced by computer simulations of the recommended abort

procedures.

This document does not include techniques, descriptions, or

supporting trajectory data for contingencies that require TM _
or contingency rendezvous.



2.0 INTRODUCTION

The purpose of this document is to demonstrate that an adequate
return to earth abort plan exists for all mission phases of the first
mannedApollo CSM/LMflight to the moon, the Apollo i0 (F/CSM-106/LM-5)
mission. In addition, the documentpresents information that could be
used by ground controllers and by the crew to provide a safe abort from
a mission launched May 17, 1969, on a 72° flight azimuth from launch
pad 39A. This documentdoes not contain an analysis of LMrescue or
contingency rendezvous.

Of particular importance is the relationship amongthe various
methods of abort described in this documentand the capability to abort
at any time, which is normally provided by RTCCand ground control pro-
cedures. The relationship is presented in figure 2-1, which also pre-
sents the level of failure from the nominal mission that is required
before a particular abort modewould be used. Becausemost crew-
determined abort circumstances occur during a powered-flight phase of
the mission, nominal maneuvermonitoring procedures are required to pro-
vide the necessary safety constraints to insure abort capability. De-
tailed ground and crew procedures for all methods of abort required for
this mission are presented in references I and 2. This abort plan docu-
ment consists primarily of abort trajectory data that would result from
aborts with each of the methods identified in figure 2-1. Also, the
abort plan showsthat an abort procedure and the required data will be
available throughout Apollo i0 (Mission F) if a contingency should arise.
Launchphase information and TLI trajectory information were obtained
from reference 3, and the nominal spacecraft trajectory characteristics
were obtained from reference 4. The information in this document is
very similar to information presented in reference 5, the Apollo 8 abort
plan. The primary differences result from the additional capabilities
provided by the LM.

Input constants commonto the analyses of the phases of the mission
are presented in appendix A. This documentand its relation to other
Apollo i0 (Mission F) milestones for the Contingency Analysis Section
are shownin appendix B.

This documentpresents trajectory data that simulate abort-related
events prescribed in the Mission F contingency techniques document
(ref. i). Note that the contingency techniques documentdoes not pre-
scribe the use of two-impulse abort maneuversexcept in the case of L01
modeII. The use of two-impulse abort maneuvers is not precluded if it
is determined in real time that the situation warrants their use. The
prime purpose in the selection of the two-impulse modewould be to achieve
a muchfaster return time by a sequenceof DPSand SPSengine burns



designed to provide maximum AV. In appendix C is presented an analysis

of fastest return times possible from the free-return trajectory that

approximates two-impulse maneuvers from translunar coast.
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AOL
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COAS

CO1

CSM

c.g.

DPS

DSKY

DVM

EMS

EOI

EPL

EP0

ESS

FCUA
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3.0 ABBREVIATIONS

Atlantic continuous recovery area

Atlantic discrete recovery area

abort guidance control

Atlantic Ocean line (recovery)

commander

contingency landing area

command module

CM computer

cut off

crew optical alinement sight

contingency orbit insertion

command and service modules

center of gravity

descent propulsion system

display keyboard

AV magnitude

entry monitoring system

earth orbit insertion

Eastern Pacific line (recovery)

earth parking orbit

early S-IVB staging

fuel-critical unspecified area



FDAI

GETL
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I
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LET
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launch vehicle
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midcourse correction

Mission Control Center - Houston

middle gimbal angle
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4.0 GUIDELINESANDCONSTRAINTS

This document is based on a numberof fundamental guidelines and
constraints; the most important are listed below.

i. An abort is defined as the recognition and performance of those
conditions necessary to terminate the current mission and return the
flight crew to earth.

2. An alternate mission is defined as the continuation of the
flight, usually with less ambitious objectives than were originally
planned.

3. Return to earth abort maneuversnormally are targeted to CIA's.
The CIA's for Apollo lO (Mission F) are shownin appendix A.

4. Aborted mission return times are consistent with knownsystem
constraints and generally are optimized to provide the fastest return
for the least AV.

5. Whenit is practicable, the LMDPSengine will be used before
the CSMSPSengine is used.

6. Return to earth inclinations will not exceed 40° .

7. The inertial velocity at entry will not exceed 36 333 fps,
except for time-critical returns (37 500 fps).
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5.0 LAUNCHPHASE

5.1 Introduction

The launch abort trajectory data provide information about abort
monitoring, about abort maneuver requirements, and about abort results.
It is assumedthat the launch vehicle performance can vary over a wide
range of conditions during launch. Therefore, the conditions must be
boundedby limits that would allow sufficient reaction time for the
crew and the spacecraft systems operations to perform a safe abort. If
the launch vehicle violates these limits, abort action would be initiated
to prevent a flight with unsafe conditions. To avoid the abort of a
successful launch, the limit lines are defined for the least restrictive
conditions that will allow a safe abort.

During launch, the initial abort conditions that could be expected
change drastically (figs. 5-1, 5-2, and 5-3). Because of these changes,
several abort modesare required, each adapted to a portion of the launch
trajectory.

i. ModeI aborts protect the SCand crew while the LV is on the
pad and in atmospheric flight. The launch escape system is used for
safe separation, and the aborts result in a suborbital trajectory with
landings in the ACRA.

2. ModeII abort capability begins whenthe LET has been Jettisoned
(197 sec g.e.t.) and continues until the COl capability begins or until
the resultant landings threaten the African coast (R. = 3200 n. mi.).

ip
ModeII aborts consist of a manual CSMseparation from the LV, CM/SM
separation, an entry orientation maneuver, and an open-loop, full-lift
entry. ModeII aborts also result in a suborbital trajectory with
landings in the ACRA.

3. The modeIII abort capability begins at the end of modeII and
continues until the maneuverviolates free-fall time. The modeIII
aborts consist of a manual CSMseparation, a fixed-attitude SPSretro-
grade burn, CM/SMseparation, an entry orientation maneuver, and an
open-loop, bank-left 55° entry. The abort maneuvers result in a sub-
orbital trajectory with landings at the ADRAapproximately 3350 n. mi.
downrange of the launch pad, Just south of the flight azimuth.

4. The S-IVB orbital capability begins whenthe S-IVB can be used
to insert the S-IVB/LM/CSMconfiguration into a nominal orbit (approxi-
mately 6 min g.e.t.). The early S-IVB staging consists of a manual
upstage of the S-IVB from the malfunctioning S-If stage. The upstage
maneuverwill result in a nominal EOI from which the nominal mission
or an alternate mission can be planned.
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5. The SPSCOI capability begins whenthe SPScan be used to
insert the CSMinto a safe orbit (V. = 22 000 fps or g.e.t. = 517 sec)I
and continues until the LV has obtained a safe orbit. The COImaneuver
consists of a manual CSMseparation and a fixed-attitude, posigrade
SPSburn by 90 seconds after abort which results in a 200-n. mi. apogee
altitude or a 75-n. mi. perigee altitude, whichever occurs first. If
the 200-n. mi. apogeealtitude is achieved first, the burn is terminated;
then a second fixed-attitude, posigrade SPSburn must be performed at
apogee to raise perigee altitude to 75 n. mi. or greater. If the
75-n. mi. perigee altitude is achieved first, the burn is terminated at
a perigee altitude greater than 75 n. mi. or whenever perigee altitude
starts to decrease. The maneuversresult in a safe orbital trajectory
from which an alternate mission or an immediate deorbit can be planned.

The launch abort modecapabilities are summarizedon a bar chart
(fig. 5-h) for the nominal 72° launch azimuth time line. Also shown
in figure 5-h is the ESScapability region, which defines the time at
which the S-IVB can stage directly from the S-II (360 sec g.e.t.) and
still achieve a parking orbit.

The initial state vectors used for the abort initiation for this
study were based on the AS-505 operational launch trajectory (ref. 3).
A list of the key events during launch is presented in table 5-I. Per-
tinent SCconstants and performance characteristics for CSM-106used
for this study are presented in appendix A. Other constants that are
peculiar to the launch phase are presented in table 5-II.

The launch abort data shownhere are consistent with the latest
Apollo l0 (Mission F) characteristics and are for aborts from the nominal
72° azimuth launch trajectory. A detailed analysis of CSMaborts
(modesII, III, and IV) from a typical Saturn V launch trajectory is
presented in reference 6; the analysis showsthe effects of variable
launch azimuths. The data are directly applicable to Apollo l0 (Mission F)
and can be used to estimate the effects of variable azimuths on the launch
abort modes. The sensitivities of the various launch abort parameters
for variations in weight, in altitude, in burn attitude, and in other
parameters are discussed in reference 7. Another document that should
be used to supplement the launch abort information presented is refer-
ence 2. This reference presents the launch phase abort techniques and
data flow for the Saturn V Apollo launches and contains the flow charts
and rationale for the abort cues, decisions, and data flow for each of
the abort modes. Note that the reference trajectory assummedlaunch
would occur from launch pad 39A.
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5.2 LaunchTrajectory Monitoring

5.2.1 Ground monitoring.- The ground (MCC-H) flight controllers

have the primary responsibility to monitor the trajectory during the

launch phase. The ground control is prime to determine abort trajectory

limit violations, abort mode decisions, and the GO/NO-GO orbit insertion

status. The flight dynamics displays help ground control to monitor

trajectories. These displays consist of the launch digitals and the

projection plotters displayed on cathode ray tubes and on analog plot-

boards. The displays are driven by real-time computer computations

based on the actual flight data received from the MSFN. The flight

dynamics displays currently used in Apollo i0 (Mission F) simulations

are presented in reference 8. The displays will be similar for all

the planned Saturn V launches and are defined in reference 6.

The launch abort trajectory limits are summarized in figure 5.5.

The crew safety limits include a structural breakup limit, a 16g limit,

a 100-second free-fall time limit, and an exit heating limit (ref. 9).

The limits define a launch corridor that is acceptable for safe SC abort

capability. Another corridor which could be used lies between the

previously described corridor and the nominal trajectory and is composed

of the bounds of the malfunctioning LV trajectories which make orbit.

In other words, when the latter corridor is violated by the launch

trajectory trace, the launch vehicle is beyond all probable orbital

capability and will eventually arrive at abort conditions. Therefore,

the actual abort decision can be made when the launch trajectory trace

pierces this envelope, but the abort action must be requested prior

to the time that the abort trajectory limits are exceeded. The use

of the malfunctioning LV capability to orbit envelope has two advantages:

it can be used as an advanced abort call to eliminate additional flight

with a malfunctioning LV; or it can be used to provide additional

abort flexibility, to choose a suitable abort through improvement of

entry or landing conditions or both prior to crew abort limit violation.

The envelope was defined based on a sophisticated analysis of the more

probable malfunctioning LV trajectories for AS-503 (ref. 10). A similar

analysis is currently being conducted by MSFC for AS-505. The eventual

operational use of this envelope for AS-505 would require MSFC

authorization. In addition to the limits and the nominal trajectory,

the S-IVB early staging (ref. ll) and the SPS COI capability lines are

shown in figure 5-5. The latter two lines define, respectively, when

the S-II has progressed sufficiently for the S-IVB to stage directly

into a parking orbit (lO0 n. mi., circular) and when the S-II or S-IVB has

progressed enough for the SPS (mode IV) to insert the SC into contingency

orbit (hp > 75 n. mi.).

The abort mode overlap can be determined by a comparison of the

COI capability with the suborbital capability for the near-insertion
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region (fig. 5-6). The modeIV COI capability is shownin figure 5-6
to overlap the end of modeII and all of modeIII along the nominal
trajectory. The dispersed S-IVB cutoff conditions that would require
a modeIII or apogee kick maneuverare also shownin figure 5-6. The
75-n. mi. perigee altitude line indicates whenthe S-IVB has achieved
a GOorbit, and the 200-n. mi. apogeeline indicates an S-IVB overspeed
condition. Note that modeIII capability is limited by a lO0-second
tff constraint and that increased insertion ranges would further restrict
the modeIII capability. Therefore, large modeIII SPSburns could be
terminated at the 100-second tff limit prior to achievement of the
landing target. Zero lift (roll left 90° ) is recommendedfor those
cases that require premature termination. The apogee kick COI capa-
bility is boundedby two things: the physical capability of the SPS
to achieve a 75-n. mi. perigee altitude at apogee, which is the apogee
kick boundary; and the assured crew reaction time for SPSignition of
90 seconds from abort to apogee. The apogee kick CO1maneuverwill not
be performed until the LV cutoff conditions are beyond the 5-minutes-
to-apogee line. The SPSCO1capability is divided into three regions
(fig. 5-7). The first region requires two SPSburns, one burn as soon
as possible within 90 seconds after abort to raise apogee altitude to

200 n. mi. (hp < 75 n. mi.) and the other burn at apogeeto raise perigee
altitude to at least 75 n. mi. The second region requires only one SPS
burn as soon as possible within 90 seconds after abort to raise perigee
altitude to at least 75 n. mi. (h < 200 n. mi.). The third regiona
requires only one SPSburn at apogeeto raise perigee altitude to at
least 75 n. mi.

The trajectory lines shownin figures 5-5, 5-6, and 5-7 are anal-
ogous to the plotboard information displayed to the flight controllers
in real time. Comparisonof the actual launch trace with the trajectory
information will help the flight controllers to determine the trajectory
status during launch and to determine the appropriate abort mode, if
necessary. Becausethe S-IVB early staging and SPScapabilities depend
on altitude, additional plotted information (figs. 5-8 and 5-9) will be
required to determine the capabilities for nonnominal altitude histories.
The ground control will keep the crew informed of the trajectory status
by voice communications and, upon abort confirmation, will request abort
action by voice and with the abort light.

5.2.2 Onboard monitorins.- To facilitate trajectory monitoring

during launch, the crew uses the FDAI displays and CMC program PII and

its corresponding DSKY displays. The Pll is initiated automatically at

lift-off (or manually by V75E) and is available until the ground control

or the crew commands P00. Normally, the ground control will inform the

crew of the status of the spacecraft trajectory. However, if voice

communications were lost during launch, the crew would have to depend

on the displays to determine the status of the trajectory. The values

of the DSKY parameters for a nominal launch are shown in table 5-111;

the values were computed with the COLOSSUS guidance equations (ref. 12)



14

for Mission F. The nominal FDAI attitudes during the launch are shown

in figure 5-3. The DSKY displays are updated every 2 seconds and are

displayed to the crew. If the ground control should rule NO-G0 for the

SC guidance computer, the computer would be commanded to P00, and the

DSKY displays would no longer be available.

In conjunction with the DSKY displays associated with PII (fig. 5-10),

an onboard chart (fig. 5-11) is proposed for use in the event of voice

communications loss during the launch. The basic DSKY displays used to

monitor the launch are the inertial velocity Vi, altitude rate h,

and altitude h parameters. Therefore, these parameters are used to

govern the charts. The charts are used with the DSKY displays to help

determine when and what abort action is necessary. This function normally

would be conducted by the ground control when voice communications exist.

After the abort decision has been made, the crew would use the DSKY

parameters to monitor the abort burn. The crew is prime (with voice) to

perform the CO1 maneuver with the SPS. The procedure is to manually

separate the CSM from the LV, aline the SC heads down posigrade with the
window scribe on the horizon so that a 31.7 ° angle exists between the

line of sight to the horizon and the X-body axis, and then ignite the

SPS as soon as possible in the SCS automatic mode. The SPS burn will be

terminated at a 200-n. mi. apogee altitude if this altitude would pre-

clude a 75-n. mi. perigee altitude (in the two-impulse region only); a

second SPS burn would then be initiated at apogee (h = 0) with the window

scribe and far horizon used for attitude reference. The second burn

would be analogous to the apogee kick maneuver and would be used to raise

perigee altitude to at least 75 n. mi. Note that a check on h should

be made prior to termination of the first burn at h = 200 n. mi.a

(h < 75 n. mi.); if h < 0 fps, the first burn should be continued until
P

h > 75 n. mi. or until perigee altitude starts to decrease. If the LV
p --

cutoff conditions are within the apogee kick region, the SPS burn should

be delayed until apogee, at which point only one burn will be required

to raise h to 75 n. mi. If tff decreases to i00 seconds and continuesP
to decrease during a burn, the burn must be terminated and immediate entry

preparation must be initiated. Caution should be used during the mode IV

burn. If at any time during the burn perigee altitude starts to decrease,

the burn should be terminated. If the burn is terminated with

h < 75 n. mi., a mode III abort should be initiated when _h < 0 or
p

when h < 75 n. mi., and an apogee kick should be initiated when h > 0.
a

The first part of the onboard chart (fig. 5-11) shows the comparison

of nominal altitude rate and velocity and shows the current abort trajec-

tory limits. An abort would be required if the actual flight trace

violated the booster breakup line, the exit heating limit line, or the
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maximum entry load limit line (16g). If the trace approaches the tff

limit line, V82E and N50E should be called; abort action is taken when

tff equals 100 seconds and is decreasing. Note that, even if voice

communications were lost, the ground control still might be able to com-

mand abort actionby use of the abort light. Because of the sensitivity

to altitude of the 16g limit line, this limit is shown for several dif-

ferent altitudes; and the current altitude displayed on the DSKY would

govern which abort limit to use. In addition to the abort trajectory

limits, the malfunctioning LV capability to orbit envelope is presented.

This envelope can be used to make the abort decision, _ith final safe

abort conditions defined by the abort trajectory limits. The ground

control is prime to request aborts for trajectory violations when voice

communications exist. A discussion of the envelope is presented in

section 5.2.1. The envelope is insensitive to altitude deviations and

would be much simpler and safer to use for abort action in the no-voice

case than the 16g limit for the different altitudes. The S-IVB early

staging orbital capability line is also shown in figure 5-11.

The second part of the onboard chart shows the comparison of nom-

inal altitude rate and velocity for approximately the last 3 minutes of

the launch. The chart expands the region where abort capability starts

to vary rapidly. The primary purpose of this chart is to show for which

LV cutoff conditions C0I capability exists. The three regions of SPS

COI capability are shown. The first region (two-impulse) requires two

SPS burns; one burn as soon as possible within 90 seconds after abort

to raise ha to 200 n. mi. (hp < 75 n. mi.) and the other burn at

apogee to raise h to > 75 n. mi. The second region (single impulse)
p

requires one $PS burn to raise h to 75 n. mi. as soon as possible after
P

abort. The third region (apogee kick) requires one burn at apogee

(h = 0) to raise h to > 75 n. mi. The initial SPS COI boundary (two-
p

impulse) is defined for different altitudes. Because the altitude is

fairly static near insertion, the crew could choose the appropriate COI

boundary and could determine when the LV trace crosses into the COI capa-

bility region. The suborbital abort capabilities can be determined

directly from the DSKY. After tower Jettison has occurred, mode II capa-

bility extends until AR becomes greater than -h00 n. mi., which cor-

responds to a full-lift landing at approximately 3200 n. mi. A no-burn,

half-lift entry (RL55) abort procedure is required when S-IVB cutoff

conditions result in a AR of between -h00 and 0 n. mi. when a suborbital

abort is required. For AR > O, a mode III burn is required. A GO orbit

is achieved when perigee altitude is greater than or equal to 75 n. mi.
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Whenever the tff is 59m59 s, the AR computation is invalid,

which occurs when the perigee altitude becomes greater than 300 000 feet.

If a mode III burn is required in this region, AR _ill become valid

when the burn has progressed enough to decrease perigee altitude to
below 300 000 feet.

The effects of launch azimuth variations in the AR computation

have been investigated (ref. 13). Because the AR computation is based

on the prelaunch loading of the mode III target (ADRA), the computation

would be erroneous for launches on other than the planned launch azimuth.

The study in reference 13 indicated that the mode III target for the 72 °

launch azimuth would result in Atlantic landings when AR = 0 for all

launch azimuths between 72 ° and 108 ° and could be used for these launch

azimuths for the no-voice cases.

5.3 Suborbital Aborts

5.3.1 Mode I LEV aborts.- The possibility of mode I LEV aborts

from the Saturn V vehicle launched from complex 39A exists from the time

the LEV is armed until the launch escape tower is Jettisoned.

The LEV is designed to accelerate the CM away from the LV to a safe

separation distance and far enough down range from the launch pad for a

safe water landing. Mode I aborts are divided into three categories:

mode IA (low altitude), mode IB (medium altitude), and mode IC (high
altitude).

The mode I (LEV) abort data presented in this document were gener-

ated for the Apollo 9 mission (ref. 14). The input data necessary to

generate mode I LEV aborts for the F mission are not available at this

time. However, the Apollo 9 mission mode I abort data are considered

to be representative of the F mission mode I abort trajectory charac-

teristics and can be used until the final data are published.

A summary of the nominal mode I (LEV) abort trajectories (no winds)

for a nominal launch trajectory of 72 ° flight azimuth is presented in

table 5-1V. Mode I LEV abort landing points for pad aborts through

195.9 seconds g.e.t, are presented in figures 5-12 and 5-13. Safe

water landings can be made at landing points from near the pad to ap-

proximately 519 n. mi. down range.

5.3.2 Mode II aborts.- The mode II abort procedures are designed

for contingencies that occur during the time after the LET Jettison
(197 sec g.e.t.) until a safe orbit can be achieved or until the re-

sultant landings threaten the west coast of Africa (R. = 3200 n. mi.).
Ip
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Because the aborts initiated in this region can result in high entry

loads or time-critical entries or both, no range control maneuvers are

considered. A full-lift entry is used to minimize the entry load, and

a simple separation technique is established for rapid entry orientation.

To orient the spacecraft to the proper atmospheric capture attitude, the

mode II procedure requires at least a 100-second tff from S-IVB cutoff

to the time that a 300 000-foot altitude is achieved. For this condition

to be fulfilled for low launch trajectories, there is sometimes a require-

ment for an extension of the mode I region by delay of the tower Jettison

until sufficient free-fall time is available to perform the mode II abort.

The sequence of events simulated for a mode II abort are listed

below.

t plus 0 second LV shutdown; beginning of tailoff

t plus 3 seconds LV/CSM separation; +X SM RCS ON

(four-J et )

t plus 24 seconds +X SM RCS OFF, CM/SM separation se-

quence begun; CM oriented to entry
attitude

g= 0.5 CM oriented for full-lift entry

h = 23 500 feet Drogue parachute deployment

A list of the pertinent trajectory parameters for mode II aborts

from the nominal launch trajectory are presented in table 5-V. The

resultant tff, entry load, and landing range that result after a

mode II abort are plotted in figure 5-14. The spacecraft IMU gimbal

angles that correspond to the proper CM entry orientation attitude for

mode II aborts are compared with time of abort and landing range in

figure 5-15. A more detailed analysis of the mode II aborts _or the

Saturn V launches is presented in reference 6.

5.3.3 Mode III aborts.- The mode III abort procedures are required

for contingencies that occur beyond mode II (R. > 3200 n. mi.) when a
Ip

safe orbit cannot be achieved or when SC systems malfunctions dictate

immediate landings. The first mode III requirement is unlikely because

of the large COI region and because the LV cutoff conditions would have

to be greatly dispersed from the nominal launch trajectory. The second

requirement is unlikely because if such a malfunction had occurred during

launch the abort would more probably be initiated before mode III was

entered, and failures that occur after mode III is entered would be

almost impossible to confirm in sufficient time to recommend a mode III

abort. These types of failures are undefined at present.
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The sequenceof events simulated for a modeIII abort are listed
below.

t plus 0 second LV shutdown; beginning of tailoff

t plus 3 seconds S-IVB/CSMseparation; +X SMRCSON
(four-J et )

t plus 24 seconds +X SMRCSOFF; orientation begun to
SPSretrograde attitude if burn
required

t plus 125 seconds Retrograde attitude obtained
(fig. 5-16); SPSengine ignition
(SCSautomatic)

Half-lift landing
range = 3350 n. mi.

CM/SMseparation sequencebegun;
CMoriented to entry attitude; SPS
burn terminated

g = 0.05 CMoriented for full-lift entry; cap-
ture attitude (fig. 5-17)

g=0.2 CMoriented for half-lift entry; RL55

h = 23 500 feet Drogue parachute deployment

ModeIII abort capability begins at the end of modeII when R.
ip

exceeds 3200 n. mi. (581 sec g.e.t.). BecausemodeIII entries are
half lift (RL55) and because the SPSretrograde burn is required only
to achieve a landing range of 3350 n. mi., a period exists between 581
and 604 seconds g.e.t, for which the no-burn landing would land west of
the 3350-n. mi. landing target (ADRA). The modeIII capability ends
when the required SPSburn violates the 100-second tff constraint.
The violation of the constraint occurs prior to the nominal orbit in-
sertion [table 5_VI(a)], and suborbital aborts required after that time
would require termination of the burn at tff = 100 seconds followed by
a zero lift (RL90) entry to avoid a land landing.

A list of the pertinent trajectory parameters for modeIII aborts
from the nominal launhh trajectory are presented in table 5-VI. The
SCIMU gimbal angles that correspond to the horizon-monitored (31.7 °
window scribe mark) retrograde SPSburn attitude are presented in
figure 5-16 for modeIII aborts from the nominal trajectory. The required
AV and the resultant tff and entry load for the modeIII aborts are
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plotted in figure 5-18. The mode IIl AV requirements to achieve landings

at the ADRA are shown in figure 5-19 for deviations from the nominal

flight-path angle. Note from these figures that the mode III region is

bounded by the end of mode II, by the 16g entry load limit, and by the

100-second tff limit. The proper capture angles are shown in figure 5-19

for the mode III aborts from the nominal LV trajectory. A more detailed

analysis of the mode III aborts for the Saturn V launches is presented in

reference 6.

5.4 Contingency Orbit Insertion

The mode IV COI procedure is selected for launch contingencies

when the SPS can insert the SC into a safe orbit (perigee altitude

75 n. mi.) and can deorbit the SC from any place in the resultant

o--rbit. The capability begins at 517 seconds (V. = 22 000 fps) and ends
1

when the S-IVB has achieved a safe perigee, approximately 672 seconds

g.e.t., or 2 seconds prior to nominal S-IVB cutoff signal. The COI

maneuver (S-IVB or SPS) is the prime selection whenever the capability

exists because it is the safest and has potential alternate mission

capability. The COI maneuver allows the ground control and the crew

ample time in earth orbit to determine the SC trajectory and systems

status, and the ground control can compute a precise deorbit maneuver

for a planned landing area.

Three different C0I procedures are recommended (fig. 5-7) for use

on Apollo l0 (Mission F).

1. The first procedure, a mode IV two-impulse abort, requires two

SPS burns to achieve a contingency orbit. The first burn is performed

as soon as possible and is terminated when h = 200 n. mi.
a

(h ( 75 n. mi.). The burn shapes the trajectory so that a second burn
D

can be performed at apogee to raise perigee altitude. Consequently, the

second burn is performed at apogee, and it is terminated when

h _ 75 n. mi.
p --

The sequence of events simulated for the two-impulse mode IV

maneuver is listed on the next page.
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t plus 0 second Abort-initiated LV shutdown; beginning
of tailoff

t plus 3 seconds LV/CSMseparation; +X SMRCSON
(four-Jet)

t plus 24 seconds +X SMRCSOFF;orientation begun to
SPSposigrade attitude

t plus 90 seconds Posigrade attitude obtained (fig. 5-20);
SPSengine ignition (SCSautomatic)

h = 200 n. mi. or
a
h > 75n. mi.p--

Termination of SPSburn

If burn terminated on
h = 200 n. mi. with
a

h < 75 n. mi. and
P

Beginning of coast to apogee

= 0 (apogee) Posigrade attitude obtained (fig. 5-20);

SPS engine reignition (SCS automatic)

h > 75 n. mi.
p -

Termination of SPS burn

2. The second procedure, a mode IV single-impulse abort, requires

only one SPS burn to achieve a contingency orbit. The burn is initiated

as soon as possible and is terminated when h > 75 n. mi.
p --

(h < 200 n. mi.). The sequence of events simulated for this maneuver is
a --

the same as the sequence for the first procedure except that the second

burn is not required.

3. The third procedure, the apogee kick, also requires only one

SPS burn to achieve orbit. However, the burn is delayed until apogee

(h = 0) and is terminated when h > 75 n. mi. The sequence of events
p --

simulated for this maneuver is the same as the sequence for the first

maneuver except that the first burn time is deleted and the burn is

performed at apogee (h = 0).
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A list of the pertinent trajectory parameters for modeIV maneuvers
performed from the nominal trajectory is presented in table 5-VII. The
SCIMU gimbal angles that correspond to the horizon-monitored (31.7 °
window scribe mark) posigrade SPSburn attitudes are presented in fig-
ure 5-20 for burns from the nominal trajectory. The SPSAV's and as-
sociated burn times for modeIV burns from the nominal launch trajectory
are presented in figure 5-21; the resultant orbital parameters are pre-
sented in figure 5-22. Sometypical cases of aborts from the nominal
mission are presented in figures 5-23 and 5-24 which showfree-fall time,
altitude, perigee altitude, apogeealtitude, and true anomaly histories
during the SPSburns.

The initial modeIV capability is not dependent upon the amount of
SPSpropellant loaded for the mission but is based on the SPScapability
to achieve orbital velocity with the fixed burn attitude prior to pre-
mature entry. This capability is extremely sensitive to pitch errors
during the maneuver (refs. 6 and 7). Therefore, the capability is de-
fined for a ±2° pitch error bias during the burn. However, yaw errors
of up to 15° have a negligible effect on the maneuverand are not
included in the bias. The constraints limit the maximumcombined AV
for COI to less than 7000 fps for the nominal insertion attitude
(figs. 5-25 through 5-28).

Constant AVlines required for the CO1maneuversare presented in
figures 5-25, 5-26, and 5-27. TheSPSAVrequired to achieve either
h = 200 n. mi. or h = 75 n. mi. is presented in figure 5-25 for thea p
first burn. Note that in the two-impulse region the first SPSburn will
enable the spacecraft to achieve h = 200 n. mi. before it reaches

a

h = 75 n. mi. The recommended procedure is to terminate the burn at
P

ha = 200 n. mi. (hp _ 75 n. mi.); if h = 0, the spacecraft would coast

to apogee (h = 0) and the SPS would be reignited to raise h to 75 n. mi.
P

The corresponding AV and ignition times for the second SPS burn based on

the initial abort conditions (LV cutoff) are shown in figure 5-26. It

is important to note that there is a region in the single-impulse area

where h _ 200 n. mi. and h _ 75 n. mi. with h _ 0 (approaching
a -- p

perigee); for these conditions, the first burn must be continued until

h > 75 n. mi. or until h > 0 (approaching apogee). If h reaches
p -- p

a maximum prior to reaching 75 n. mi. with h < 0, then a deorbit maneuver

would be required. The constant AV lines and the SPS ignition times

for the apogee kick maneuver are presented in figure 5-27.

The SPS ignition time for the first burn is as soon as possible.

However, for the studies included in this document, an ignition time of

90 seconds was used. The time was based on crew reaction as the earliest

time for which the crew could always assure an SPS ignition from time of
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abort. The RTCCis configured to computea modeIV CO1solution for a
125-second SPSignition time for a single burn to raise h to 75 n. mi.P
Therefore, for delayed ignition times or for loss of the onboard com-
puter, the ground control would have the modeIV CO1solution available
to pass to the crew. The constant SPSAV lines that correspond to the
RTCCsolution are presented in figure 5-28.
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6.0 EARTHPARKINGORBIT

Preflight computations for aborts from EPOare provided for the
crew and are targeted so that the landing occurs in one of three pos-
sible areas. Should it becomenecessary to abort while the crew is
out of communication with the ground control, a solution would be
available. After orbit is reached, the ground control updates the solu-
tions so that the crew always has one solution for a revolution beyond
the time it would be used. Becausethis type of abort is well docu-
mented (ref. 15), no further information is required of this document.
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7.0 TRANSLUNAR INJECTION AND

TRANSLUNAR COAST PHASE

7.1 Translunar Injection Monitoring

The primary objective after a problem develops during TLI, as well

as during all other mission phases, is to perform an alternate mission

(fig. 2-1). With this objective as the next most desirable one after

crew safety, the extent of the deviated flight conditions must be known

in advance to insure that the desired alternate mission capability will

exist. Also, consideration has been given to provision of reasonable

initial conditions for performance of an abort maneuver. These things

have been done by the development of a crew monitoring procedure which

includes appropriate S-IVB shutdown limits.

The crew must be able to monitor and evaluate TLI without ground

support because the maneuver can occur off the MSFN tracking range.

Generally, TLI occurs at various locations over the west Pacific Ocean

(figs. 7-1 and 7-2). A schematic of the basic crew monitoring tech-

nique is shown in figure 7-3. An abort can be performed for S-IVB at-

titude rate problems and for attitude deviation problems as well as for

SC system problems. Because S-IVB problems normally would result in a

SC alternate mission, only a critical SC system problem is likely to

require an abort.

Several significant items can be noted about the TLI monitoring

technique.

i. The TLI maneuver will be inhibited if the launch vehicle at-

titude before ignition is more than i0 ° from nominal as determined by

horizon reference.

2. The TLI maneuver will be terminated by the crew for S-IVB

initiated rates of i0 deg/sec.

3. The TLI maneuver will be terminated by the crew with the abort

handle for attitude deviations of 45 ° from the nominal attitude, which

are determined by onboard charts of the nominal pitch and yaw gimbal

angle histories.

4. A backup to the S-IVB guidance cutoff signal will be performed

by the crew if the S-IVB has not shut down at the end of the predicted

burn time plus a 2_ dispersion of 6.0 seconds and if the nominal inertial

velocity displayed by the spacecraft computer has been achieved.
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The rationale for the monitoring procedures and for the determina-

tion of the limits discussed above are documented in references 16, 17,

and 18. Because attitude excursions can reduce perigee to as low as

75 n. mi., item 3 has the largest impact on possible abort maneuvers.

However, delay of the shutdown to 45° optimizes chances for adequate

time for an entry mideourse maneuver after a TLI abort.

The crew charts mentioned in item 3 are shown in figures 7-4, 7-5,

and 7-6. The double scale on the pitch chart (fig. 7-4) indicates the

TLI ignition gimbal angle for a 72° launch azimuth. For any other day

or launch azimuth, the crew will renumber the scale by changing the zero

point to the ignition pitch gimbal angle uplinked by the ground control
during EPO.

If a tumbled S-IVB inertial platform exists during TLI, the crew
may assume manual control of the burn with the hand controller. In

this case, the IMU would be used to obtain reference information, and

the crew charts would be used to determine required attitudes. Because

a ground rule for manual takeover requires illumination of the guidance

failure lights when the S-IVB platform is tumbled, the 45 ° attitude

deviation limits are required for protection against other S-IVB
malfunctions.

Crew confirmation of a drifting trajectory with any two SC inertial

references could cause manual takeover on a smaller limit of approximately
l0 ° if the capability were available.

7.2 Aborts from the Translunar Injection
and Translunar Coast Phases

7.2.1 Introduction.- In this section, trajectory analyses are

presented for aborts initiated during the second S-IVB burn, for aborts

initiated during the period immediately after this burn, and for aborts

initiated on the translunar coast leg of Apollo l0 (Mission F). Analyses

of abort maneuver dispersions also are presented for aborts performed

during and immediately after the second S-IVB burn. Analyses of abort

maneuvers performed from dispersed TLI burns have been performed and are

available in references 19, 20, 21, and 22.

The trajectory data included in this section represent the results

of digital computer simulations of the abort techniques defined in

reference 1. Input used to generate the enclosed abort trajectory data

for the TLI and TLC aborts are listed in appendix A. The program used

to generate the enclosed data is described in reference 2B.
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7.2.2 The 10-minute abort.- The contingencies with which this

section is concerned are the spacecraft subsystems problems which can

be isolated during TLI and which can result in catastrophe if immediate

action is not taken. At this time, there are no known single point

failures which would require the crew to shut down the S-IVB manually

and to execute an abort maneuver immediately.

It has been recommended in reference i and in numerous meetings

with Apollo crew members that, if the situation permits, the crew should

allow the S-IVB to complete TLI, at which time the ground control and

crew can perform a malfunction analysis to determine the necessity of

an abort.

If a critical subsystems failure occurs during TLI and necessitates

the shutdown of the S-IVB and the immediate return of the crew to earth,

the following sequence will occur to lead to the 10-minute abort. The

10-minute abort is a fixed attitude abort (attitude established preflight,

fig. 7-7) performed l0 minutes after S-IVB shutdown and targeted to the

contingency entry target line.
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Time from S-IVB cutoff,

min:sec, g.e.t.

00:00

00:03

00:13

01:00

01:08

04:00

05:00

09:30

i0:00

Event

S-IVB burn time is recorded; THC is

turn counterclockwise to initiate

S-IVB shutdown; inertial velocity

(V.) is recorded from the DSKY; the
1

four +X RCS jets are turned on

CMS/S-IVB separation occurs

The four +X RCS Jets are turned off,

and the crew begins pitching up

(+X b down) to -r (down the radius

vector), with the earth used as the

visual reference to determine -r

The four -X RCS Jets are turned on to

initiate an evasive maneuver to pro-

vide clearance between the CSM and

S-IVB for the abort maneuver

The four -X RCS Jets are turned off,

and the crew begins maneuvers to

the abort maneuver thrusting atti-

tude (fig. 7-7) after having driven

to the following IMU gimbal angles

OGA = 180 °

MGA = 0.0 °

IGA = ground computed in EP0

The crew selects the abort AV from a

chart of AV versus V.l and S-IVB t B

and enters this value in the AV

counter; the crew begins prepara-

tions for an SCS automatic maneuver

The COAS elevation angle is reset to

0°; the CDR adjusts his position in

the couch to view the horizon through

the COAS reticle image

The spacecraft is alined to the re-

quired horizon referenced attitude

(fig. 7-7).

The SPS is ignited and the burn is

controlled by SCS automatic
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Although this time line has been recommended, the actual time line

will be presented in the Apollo Abort Summary for Mission F to be pre-

pared by the Crew Safety Section, Crew Safety and Procedures Branch,

Flight Crew Support Division.

The charts that the crew will need onboard on launch day are pre-

sented in figures 7-8 and 7-9 which show abort AV measured along the

X-body axis, SPS abort burn time, and time from SPS abort (SPS off) to

entry as functions of inertial velocity at the time of abort. The fig-

ures are double scaled at the top and bottom to show S-IVB burn time,

EMS &V during the Saturn burn, and inertial velocity. The S-IVB burn

time and the EMS 4V are required as the backup independent variables
for determination of the abort AV.

The landing point loci are shown in figure 7-10 as a function of

S-IVB burn time for three TLI's on the nominal day of launch when the

abort AV's that are shown in figure 7-8 were applied at S-IVB cutoff

plus i0 minutes. The ground elapsed time of continuous USBS tracking

is shown in figure 7-11 as a function of inertial velocity at S-IVB

cutoff. The altitude at which the CSM would be at initiation of the

abort maneuver is shown in figure 7-12 as a function of the inertial

velocity at S-IVB cutoff.

The ground control will provide the crew with the pitch gimbal

angle (referenced to the launch pad REFS_AT) for the crew to use for

the initial attitude maneuver for the fixed attitude abort. The IGA at

i0 minutes remains constant for the full range of TLI velocities. The

IGA at the abort point is shown in figure 7-13 as a function of the

launch azimuth for the planned day of launch.

The primary purpose of the fixed attitude abort is as stated pre-

viously: to return the crew to earth as rapidly as possible without

regard to landing location. For the abort to be as insensitive as

possible to execution errors, the maneuver is targeted to achieve the

midcorridor or contingency entry target line, which is the same as the

entry target line that is stored in the CMC. Therefore, subsequent

midcourse corrections determined onboard will be targeted to the entry
target line used to determine abort AV.

Two possible sources of execution errors, abort AV errors and pitch

attitude errors, have been considered in this analysis, and their effects

have been shown. Ignition time errors have proven to be the least

sensitive (i.e., the effect of the errors are more tolerable) of the

possible sources of execution errors. Previous studies have shown that

ignition time can be off by as much as i minute and the maneuver still

can achieve the entry corridor (ref. 5). The abort maneuver is very
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sensitive with respect to attitude errors for aborts performed after

about 200 seconds into the TLI burn; however, past this time, sufficient

time remains prior to entry to perform a midcourse correction maneuver

to return to the entry target line. The tolerable pitch errors and AV

errors for the abort maneuver execution are shown in figures 7-14 and

7-15 as a function of inertial velocity at S-[VB cutoff. The pitch

error can be very large for early shutdowns, but an accuracy to within

1° is required for a fixed attitude abort after a nominal TLI cutoff.

From converstaions with Apollo crew members, it was found that the

expected accuracy in pitch for the horizon reference attitude alinement

is within ±3 ° . Based on the expected accuracy, even if the TLI burn is

nominal and the maneuver is performed at the correct ignition time and

the correct abort AV is used, an MCC will be required for aborts that

occur after about 200 seconds into TLI (fig. 7-16). Previous studies

have shown that the required MCC is less than 150 fps for pitch errors

that are less than 3° if the MCC is performed 1.5 hours from abort

(ref. 5).

7.2.3 The 90-minute abort.- As stated previously, it has been

recommended that, if possible, TLI should always be continued to nominal

cutoff, at which time the ground controllers and the crew could perform

a malfunction analysis to determine the necessity of an abort. If it is

determined that an abort maneuver is required after TLI, the ground con-

trollers and the crew will begin preparations that lead to an abort ma-

neuver that would be performed approximately 90 minutes after TLI cutoff.

The 90-minute time is not the time of actual SPS ignition but has been

fixed primarily as input time of ignition for P37 (onboard return to

earth abort program) if the crew is ever required to calculate the abort

maneuver onboard; the ground computers would perform the same calcula-

tions to determine the CM landing point. The P37 will be used to enable

the crew to return to earth if a critical subsystems failure occurs that

would require an abort and if ground-to-air communications are lost.

The criteria used to determine the 90-minute abort AV magnitude are as

follows.

i. The abort trajectory returns to a CLA.

.

landing.

Return flight time does not exceed 18 hours from TLI cutoff to

3. Abort AV does not exceed 8000 fps.

For the full range of possible abort AV's, the earth will always

be in view at SPS ignition, but a small portion of the earth will be

obscured by the lower right-hand side of the left forward viewing window.

This i_ shown in figure 7-17.
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For the nominal spacecraft trajectory, the 90-minute abort will
require an abort AV of 7415 fps, and the resultant landing point will
be in the Atlantic Oceanrecovery area. The SPSignition for this ma-
neuver occurs 85.3 minutes after TLI cutoff or at 04h02m04s g.e.t, for
the TLI of the May 17 72° launch azimuth, first-opportunity mission.

Maneuverexecution errors of less than i ° in pitch attitude for the
90-minute abort can cause the entry vector to lie outside the entry cor-
ridor. The MCCAVmagnitude required to correct for execution errors is
a function of three things: the time of the MCC,the magnitude of the
error, and the purpose of the MCC. If the MCCis designed to retarget
to the original preabort computedlanding point, the magnitude grows as
a function of delay time from SPSabort cutoff. If the MCCis designed
to retarget to the entry corridor only, the optimum orbital position at
which to perform the MCCis the apogee of the postabort trajectory.
Thus, the optimumtime from the MCCto the entry corridor is a function
of postabort true anomaly, which in turn is a function of the abort AV.

The MCCAVrequired to achieve the entry corridor only is shownin
figure 7-18 as a function of delay time from SPSabort cutoff for several
pitch errors at the abort point. The MCCAV required to achieve the
preburn-computed landing point is shownin figure 7-19 as a function of
delay time from SPSabort cutoff for several pitch errors at the abort
point. A region can be seen in figure 7-19 between approximately 3.5 hours
from SPSabort to approximately 5.0 hours from SPSabort where it is
impossible to land exactly on the A0L with a return time consistent with
the nominal abort return time. Solutions to the AOLexist for return
times a day later, but the AVrequirements for these solutions greatly
exceed the AVthat remains (=2600 fps). For the unspecified area solu-
tions (fig. 7-18) for the errors considered, landings will occur within
60 n. mi. of the AOL.

7.2.4 Translunar coast aborts.- In EPO, prior to TLI, the ground

controllers will pass to the crew two abort solutions based on a nominal

TLI burn. The first solution, the 90-minute abort, would be used if a

critical subsystem failed and if ground-to-air communications were lost

after TLI. The second solution would be used if no critical subsystems

failure had occurred but if ground-to-air communications could not be

established after TLI and if the crew had determined that T&D could not

be performed. In both instances, it is recommended that the crew

retarget the abort maneuver onboard by use of P37 to account for any

trajectory dispersions which might be induced by the S-IVB during TLI.

After TLI, the ground controllers periodically will provide abort

solutions (block data) to the crew to be used in case of a total loss

of communications for both the CSM and the LM. In these instances, P37

will be used for both the abort maneuver and for the MCC that follows

the abort maneuver.
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The block data solutions that are passed to the crew during TLC
will be targeted to return the SCto the prime CLAlocated in the middle
of the Pacific Ocean. However, targeting of the block data solutions to
the prime CLAdoes not preclude the targeting of abort solutions to any
of the four contingency areas that remain or the return of the crew to
an unspecified water landing area if the situation warrants such action.

For abort maneuverstargeted to an unspecified area, the return
time is a function of orbital position (delay time from S-IVB cutoff)
and of the AV expended. This relationship is shownin figure 7-20,
which presents the time from abort to entry as a function of the g.e.t.
of abort for several abort AV's. The GETLis shownin figure 7-21 as
a function of entry velocity and of the g.e.t, of abort for several
abort AV's.

The thrust vector for the 90-minute abort is approximately 6°
below the crew line of sight to the horizon or approximately 6° between
the radius vector and the thrust vector with the earth in the window
at SPSignition. As the spacecraft moves farther out on the TLC, the
angle between the thrust vector and the radius vector decreases. Also,
the attitude difference decreases between very small AV abort maneuvers
and very large AVabort maneuvers. After approximately 4 hours on the
TLC, the angle between the thrust vector and the radius vector is about
2°, and the attitude difference between small AVmaneuversand large
AVmaneuvers is less than 1°. At the last block data abort point on
TLC, the thrust vector is alined along the radius vector (fig. 7-22).

Becausea small angle exists during TLCbetween the thrust vector
and the radius vector, the earth can be used as a visual reference for
the TLCreturn to earth maneuver. Also, because the attitude difference
between the very small AV's and very large AV's is knownto be very
small, the abort targeting to contingency landing areas can be explained
easily in terms of abort AV and return time. Supposeat sometime on
the TLCan abort solution is found which returns the SCto one of the
five CLA's (fixed longitude); that solution will require an abort AVf
of x fps and will provide for a return of the SCin y hours. For t_e
samedelay time, several solutions exist that will return the SCto that
samecontingency area. If more AVis applied at nearly the sameattitude,
the return time is shortened; if less AV is applied, the return time is
lengthened. To find the other solutions, the AVmust be increased suf-
ficiently to shorten the return flight time by exactly 24 hours or be
decreased sufficiently to lengthen the flight time by 24 hours (fig. 7-23).
For any given abort time, several solutions to the sameCLAexist with
a difference in return time of 24 hours.
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In figure 7-24, the latitudes of landing are shownat which abort
AV's are applied at various times if the solution achieves the contin-
gency area. The RTCCdisplays data similar to the data presented in
figures 7-23 and 7-24 to the flight controllers so that aborts can be
planned and so that a first guess to subsequent abort processors can be
obtained. After the final abort solution has been selected, the flight
controller will generate digital information and a target load for each
abort solution.

During TLC, if it is determined by the ground control and the crew
that an abort maneuveris required, the maneuverwill be performed based
on the external AVtargeting in the CMC. In table 7-1 is presented
representative information that would be voiced to the crew to support
crew activities during the performance of the actual abort maneuver.
Postabort groundtracks that would result from the use of three of the
abort solutions shownin table 7-1 are presented in figure 7-25. Post-
abort groundtracks from the 14 listed USBSsites are presented in
figure 7-26. The contingency techniques defined in reference i indicate
that planned direct return abort maneuversduring TLCcoast would assume
the LMwould be Jettisoned prior to the abort maneuver. It is also in-
dicated in reference i that a planned Jettison of the LMdoes not pre-
clude a real-time decision for a direct return by use of the various
available propulsion systems in the docked configuration. The enclosed
data maybe used to determine docked maneuvercapability if it is as-
sumedthat an abort AV of 1800 fps represents the LMDPScapability and
that an abort AVof 4500 fps represents the SPSdocked capability. For
both AV's, a sufficient AV reserve is assumedfor subsequent midcourse
corrections, although both AV's represent only 90 percent of the
maximumAV capability.
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8.0 LUNARORBITINSERTIONANDLUNARORBITPHASE

8.1 Lunar Orbit Insertion Monitoring

BecauseLOI always occurs behind the moon, the crew must be able

to evaluate the progress of the maneuver without ground support.

Although two LOI burns are required to produce the desired 60-n. mi.

altitude circular orbit, the monitoring requirements are defined primarily

for the first b1_n (LOI-I), because the second burn (LOI-2) lasts for

only approximately 15 seconds. The recommended LOI crew monitoring

technique is generally depicted in figure 7-3 and is the same as for

TLI.

For Apollo i0 (Mission F), the preignition SC attitude check

(fig. 7-3) is made more difficult by the presence of the I_. However,
it has been determined that the horizon and several stars should be

visable from the CDR's rendezvous window snd may be used as a backup to

the optics for the orientation check prior to ignition. If the SC

attitude is not within ±5 ° of nominal, the LOI should be NO-G0.

Although maintenance of crew safety is always the primary objective

of monitoring procedures, an important second objective is the assurance

that adequate abort capability is provided and is compatible with

possible results of the monitoring procedures. The second objective

was accomplished for LOI by definition of sound procedures for the

four types of problems possible during LO!. Basically, the four problems

areas are guidance and control, non-SPS systems, SPS, and inadvertent

shutdowns. The recommended action for each problem is presented in

table 8-I. A solution for the first type of problem (guidance and con-

trol) would be to have the crew take manual control of the PGNCS-cen-

trolled maneuver and to complete the L0i at the original ignition

attitude (ref. 2h). One of the most dangerous possibilities associated

with guidance and control problems could occur if the spacecraft IMU

drifts during LOI. The crew cannot detect a small drift until an

attitude deviation builds up and appears on the secondary inertial atti-

tude reference system. Because the drift could have occurred in the

secondary reference system as well as in the IMU, the crew would be

unable to distinguish the erroneous system without the SCS attitude

error needles (a third inertial reference system) which provides a tie-

breaking capability. This detection of the error would make possible a

manual takeover and completion of the burn so that the SC could enter

LPO. Because uncorrected IMU drifts in pitch can produce impact

trajectories, rules were developed to define attitude limits for which

a takeover should be initiated.
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The rules and limits require a manual takeover with the SCS at an

attitude deviation of i0 °, exclusive of start transients; the purpose

of the i0 ° deviation is to prevent an undesirable pericynthion. The

effects on pericynthion of platform misalinement and constant drifts

through LOI-I are plotted in figure 8-1. Effects of takeover rules

and limits are shown in figures 8-2 and 8-3 for various nodal altitudes

with 60 n. mi. as the planned nominal altitude. A third inertial

reference system is required during LOI to insure that the iMU does

not cause an impact trajectory. Although there are three inertial

reference systems in the spacecraft that could be used for LOI, an

external reference system such as the lunar horizon or the stars may

provide an additional reference system (ref. 25).

Note that omission of the fourth translunar midcourse maneuver so

that tracking will be improved can produce dispersions in the approach

hyperbola that affect the L01 manual takeover limits. Because the

orientation of the desired lunar orbit can be rotated to accomodate for

the approach hyperbolic dispersions, LOI can occur at different points

in the desired lunar orbit. As a result, each drift during the L01

burn produces a different resultant orbit. To maintain the safety

provided by the i0 ° attitude deviation takeover limits, the approach

hyperbola dispersion should be removed until effects on the takeover

limits are acceptable. It appears that the most meaningful way to

limit the effects on the takeover limits of possible dispersions is to

limit the nodal altitude to 65 n. mi. at the intersection of the

approach hyperbola and the desired lunar orbit. This nodal altitude

gives an acceptable pericynthion (h _ 20 n. mi.) for the worst case
P

represented by the lower half of the -i0 ° pitch drift curve of

figure 8-4. The bottom half of the -i0 ° curve represents the effect

that a negative drift has on a trajectory that nominally burns out

after pericynthion; the top half of the curve represents the effect of

a negative drift on a trajectory that burns out prior to pericynthion.

The situation is reversed for the +i0 ° curve. Additional details may

be found in reference 26.

In summary, if the altitude at the node of the approach hyperbola

and at the desired lunar orbital plane is greater than 65 n. mi. after

MCC-3, then MCC-4 should be performed to preserve crew safety that is

provided by the manual takeover limits.

As for TLI, the L01 rate limit is i0 deg/sec and results in a

crew takeover and manual completion of LOI at ignition attitude.

Non-SPS problems require completion of LOI because it is advantageous

to be in the planned lunar orbit rather than in any other orbit.

The SPS problems may dictate the necessity of an immediate abort

maneuver which takes place 15 minutes after LOI ignition, after the crew

terminates a nominal trajectory. Problems of this type are caused
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primarily by SPS problems which indicate that the SPS engine could have

a limited burn time or maneuver capability. More specifically, serious

SPS problems are as follows.

i. Sustained pressure decay in either fuel or oxidizer tank

2. Thrust chamber pressure lower than 70 psi

3. A delta pressure of greater than 20 psi between fuel and

oxidizer tanks

Although built-in redundancy may require two failures before the problems

are time critical, the desire to complete the large abort maneuver (ap-

proximately 3000 fps) as soon as possible to insure lunar sphere escape

is the major Justification for a 15-minute abort maneuver.

For inadvertent shutdowns, the crew will try a restart but if un-

successful will prepare for a LMDPS abort.

Backup of the PGNCS LOI cutoff is performed by the crew primarily

on a 9-second time bias to the nominal burn time. In summary, guidance

and control problems during LOI result in crew takeover and in burn

completion to near-nominal LOI conditions, from which an abort could be

initiated. The SPS problems result in early shutdown of LOi and abort.

8.2 Aborts During LOI and Lunar Orbit

8.2.1 Introduction.- The L01 burn transfers the CSM/LM from the

free-return translunar trajectory to the LPO. The transfer consists of

two SPS burns of 352.5- and 15-second duration, respectively. After

the L01-1 burn, the SC coasts in a 60- by 170-n. mi. lunar orbit for

two revolutions. The LOI-2 burn is initiated at the third pericynthion

to achieve the 60- by 60-n. mi. lunar orbit.

Premature termination of the LOI maneuver places the vehicle in a

nonnominal lunar orbit from which either an alternate mission or an abort

situation may result. An early shutdown of the SPS engine may occur as
a result of two situations:

i. An inadvertent SPS shutdown

2. Manual shutdown by the crew

If an inadvertent SPS shutdown occurs early in the LOI-I burn, the

recommended procedure is to initiate an immediate SPS restart. If the

restart is unsuccessful and an abort situation exists, the LM DPS engine

is primary for the abort maneuver.
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Manual SPS shutdown would occur only if critical SPS systems prob-

lems occur which would severely restrict the future performance of the

engine (section 8.1). After a manual SPS shutdown, which occurs prior

to 3m00 s into the L01-1 burn, the SPS is primary for the abort (the DPS

is available as a backup). For the remainder of the LOi burn, the DPS

is primary. Discussions of the abort modes and detailed procedures are

contained in references i and 27.

8.2.2 Characteristics of lunar trajectories resultin_ from pre-

mature LOI shutdown.- The lunar orbits that result from premature term-

ination of L01-1 can be classified in three categories.

i. Hyperbola: LOI-I burn 0m00 s - im50 s

2. Unstable ellipse: L01-1 burn Im50 s - 2m50 s

Trajectories of this type are greatly perturbed by the earth's at-

traction. The earlier shutdowns result in extremely long orbital periods.

Later shutdowns have periods as low as 24 hours but impact the lunar

surface prior to pericynthion.

3. Stable ellipses: L01-1 burn 2m50 s - end L01-2

The conic parameters of LOI termination are shown in figure 8-5

as functions of SPS burn time. Based on systems limitations, termina-

tions that result in stable ellipses will result in either lunar alter-

nate missions or abort situations. Unless a corrective maneuver is

made to provide a clear pericynthion, terminations prior to 2m50 s

necessitates an abort.

8.2.3 General abort modes.- Lunar phase abort maneuvers for the

F mission are of three basic types.

i. Mode I - a one-impulse maneuver that returns the spacecraft

directly to earth. The burn is initiated as soon as possible after L01

termination to reduce the necessary AV.

2. Mode II - a two-impulse maneuver that necessitates one lunar

orbit. The first impulse is directed down the radius vector and is

initiated as soon as possible. The burn reduces the orbital period and

provides a stable intermediate lunar orbit. The second burn occurs near

pericynthion and injects the spacecraft on the transearth trajectory.
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Mode III - a one-impulse maneuver initiated near pericynthion after

one or more orbits. This burn is similar to the normal TEl burn.

8.2.4 Abort _round rules.- The abort ground rules for L01 aborts

are as follows. Burn monitoring is discussed in section 8.1.

i. If an inadvertent L01-1 termination occurs, an immediate re-

start will be attempted, and the LOI burn will be continued. If the

SPS does not reignite, the DPS will provide return to earth capability

through the use of the following RTCC targeted abort modes.

L01 burn duration, min:sec

0:00 - 1:45

Mode tlG

I (DPS) LOIIG plus 2 hr

1:45 - 2:50 :II (DPS) L011G plus 2 hr

2:50 - 5:52.5 (end of L01-1) III (DPS) Near pericynthion

2. If a manual SPS shutdown is required (propellant pressure prob-

lems), the following criteria should be used to determine the abort mode.

a. LOI burns 0m00 s to 2m50 s - a mode I abort maneuver should

be initiated at LOIIG plus 15 minutes based on data from a crew chart

b. LOI burns 2m50 s - end LOI-I - a mode III DPS burn based

on an RTCC solution

The 15-minute crew chart is available from 0m00 s to 4m00 s into the burn.

However, at 2m50 s into burn, the preabort orbit is a stable ellipse with

a period of 15 hours. At this point, a LM abort would not require an

immediate LM activation. The crew chart is discussed in section 8.2.9.

If the 15-minute abort is not performed, the abort modes would be the

modes that are presented in ground rule i.

8.2.5 Mode I abort requirements.- The mode I abort region is de-

fined as the class of preabort trajectories from which a one-impulse

abort maneuver initiated as soon as possible will result in earth return.

The constraints are time of ignition and abort AV. The abort AV avail-

able during the LOI burn is shown in figure 8-6 for an SPS burn, CSM

only; for an SPS burn, CSM/LM; and for a DPS burn, CSM/LM.
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The fuel-critical, unspecified area (FCUA) mode I abort requirements

are shown in figure 8-7(a) for several times of abort initiation. The

required abort AV increases rapidly as the abort is delayed from LOI

termination. The g.e.t, of landing for these FCUA aborts is presented

in figure 8-7(b). However, rather than return to an FCUA, a return to

the prime landing area would be more acceptable if it were available.
The mode I abort AV for returns to the MPL is shown in figures 8-8(a)

through (c) at a GETL of 118 hours, IL2 hours, and 166 hours, respec-

tively, for various delay times.

8.2.6 Mode II abort requirements.- The mode II abort occurs in a

region in which the required mode I abort AV exceeds the available AV

and in which a stable lunar ellipse has not yet been achieved. The

mode II abort consists of an initial DPS burn (corrective maneuver) to

provide a stab]e intermediate ellipse and a second DPS burn to inject

the spacecraft on the transearth coast. The corrective maneuver con-

sists of a variable AV magnitude (AV I) that is directed do_ the radius

vector. The time of ignition is nominally LOIIG plus 2 hours.

The nominal value of AV I is shown in figure 8-9(a) as a function

of LOI burn time. Two additional lines are included in the figure. One

line defines the maximum time that the corrective maneuver could be

delayed before a lunar impact would result from the nominal value of

AV I. The other line indicates the maximum delay allowed for the cor-

rective maneuver so that the time between burns is kept below 40 hours

with the AV I. This time constraint is important because of the LM DPS

supercritical helium pressurization limits. The time between burns for

a nominal AV I applied at LOI!G plus 2 hours and LOIIG plus 5 hours is

shown in figure 8-9(b) as a function of LOI burn time.

The total AV requirements (AV I + AV 2) are shown in figure 8-9(c)

for FCUA and MPL returns based on an initial value of AV I obtained from

figure 8-9(a). The g.e.t, of landing for the FCUA solution is included

in figure 8-9(c).

The mode II data presented in this section are the result of current

analyses of the F mission operational trajectory performed by the Flight

Analysis Branch. Parametric data of a more general nature will be

published in the near future.
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8.2.7 Mode III abort requirements.- A mode III abort can be initi-

ated if the preabort trajectory is a stable lunar ellipse. The single

abort burn is initiated near pericynthion after one or more orbits.

The abort AV required for FCUA and MPL returns is shown in figure 8-10(a)

as a function of LOI-I burn time. The g.e.t, of landing of the MPL re-

turns is indicated in the figure; the g.e.t, of landing of the FCUA

returns is shown in figure 8-10(b).

8.2.8 DPS abort capability as a function of LOI burn duration.-

The general AV requirements for the three abort modes were presented

in sections 8.2.5 through 8.2.7. The purpose of this section is to

summarize the abort mode availability throughout the LOI-I burn, specif-

ically for DPS aborts. The FCUA abort AV is shown in figure 8-11(a) as

a function of LOI burn time for the three abort modes. Of primary im-

portance is the fact that DPS backup abort capability exists throughout
the LOI-I burn.

Although a complete DPS backup capability exists for FCUA aborts,

the available DPS AV is not sufficient to permit returns to the MPL

after a complete LOI burn. The abort AV required for minimum fuel MPL

returns is shown in figure 8-11(b). Because of the increased AV re-

quirements, a gap of 6 seconds in the LOI burn exists where returns to

the MPL are not available. In this small region of LOI burn time,

returns would be targeted to another CLA or at least to a water landing.

The time of ignition of the mode I abort and mode II corrective

maneuver is LOI-IIG plus 2 hours, which is considered the earliest pos-

sible time of abort. The maximum allowable delay time from LOI-I ig-

nition to abort initiation for FCUA aborts is shown in figure 8-12.

The mode I data are constrained by both maximum LM DPS AV available and

by the maximum AV based on a 5 percent reserve. The mode II data are

constrained by the time between burns (section 8.2.6). Although the

mode I abort AV increases r_pidly with delay time, the mode II AV is

relatively constant. However, the primary constraint on delay time is

the time between burns and pericynthion altitude of the intermediate

ellipse.

All the abort data shown in section 8.2 have been simulated by

impulsive burns and patched-conic trajectories. The mode I/mode II over-

lap region in figure 8-13 compares patch-conic and integrated transearth

coasts for FCUA returns. Although a small difference in required AV

exists between patch-conic and integrated trajectories, the conic re-

sults are sufficiently accurate for parametric analyses. The mode III

requirements at the end of the L01-1 burn and the entire LOI-2 burn

based on integrated trajectories are shown in figure 8-14.



8.2.9 L01 crew chart for SPS aborts that follow manual LOI

shutdown.- If SPS problems occur during LOI which indicate an approaching

SPS failure (e.g., a decay in the propellant tank pressures), the recom-

mended procedure is to shut down the SPS engine manually. For Apollo 8,

the subsequent crew action was an SPS restart after a coast of 15 minutes;

data were used from a crew chart supplied by the Flight Analysis Branch.

For the F mission, the SPS AV available in the docked configuration

is such that the 15-minute abort is available only for a portion of the

LOI burn. The applicable region of the LOI burn is discussed in the

following paragraphs. The F mission 15-minute LOI crew chart is presented

in figure 8-15.

Basically, the procedure to be followed for use of the 15-minute

crew chart is as follows.

i. After manual SPS shutdown, the crew maneuvers the CSM/LM com-

bination to a set of gimbal angles that are determined from the CM IMU

orientation. The gimbal angles are contained on the chart and are the

same regardless of LOI burn duration.

2. The abort AV magnitude is read from the chart (fig. 8-15) and

is a function of the LOI DVM read from the DSKY after shutdown. The

burn time can be used as a backup.

3. An SPS SCS burn is initiated at LOI-IIG plus 15 minutes. There-

fore, a constant time of ignition results.

4. If the SPS cannot be restarted, the normal DPS abort procedure

is followed.

The 15-minute abort is recommended for LOI terminations that occur

prior to 2m50 s although the chart will be extended to 4m00 s, at which

time the abort AV is approximately 500 fps less than the available SPS

AV. At 2m50 s into the LOI burn, a stable lunar ellipse with a period

of 15 hours has been achieved. The preabort periods in this region of

the L01 burn are shown on the crew chart. For the remainder of the LOI

burn, a mode III DPS abort can be initiated after one revolution, and

immediate LM activation is not required. If the chart is used at

2m50 s into LOI, the total SPS burn time (LOI plus abort) is approximately

the same as if the LOI burn had been continued to nominal termination.

By the use of a technique developed for the Apollo 8 mission, the

15-minute crew chart was prepared to provide relatively constant landing

locations and entry conditions regardless of LOI burn duration. For all
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aborts, the entry velocity is 36 140 fps, and the GETLis 150 hours.
The landing latitude and longitude are shownin table 8-II. The gimbal
angles on the crew chart correspond to the IMU REFSMMAT(table 8-11).

8.2.10 Crew chart midcourse requirements.- The LOI crew chart

discussed in the previous section was constructed based on the nominal

F mission operational trajectory. If the launch date is changed or if

significant trajectory dispersions occur during the transearth coast,

it is possible that the crew chart could require larger MCC's than are

desirable. For this reason, the crew chart will be verified and updated

if necessary during the final hours of the transearth coast prior to

LOI (as in the Apollo 8 mission).

However, for the nominal LOI burn, an MCC may be required if certain

execution errors occurred during the 15-minute abort. Specifically, er-

rors in time of ignition, pitch, yaw, and abort AV magnitude should be

considered. The midcourse AV required at the lunar sphere of influence

is shown in figure 8-16. Generally, the midcourse AV is larger for

aborts that are initiated later in the LOI burn.

Although the mode III region becomes available at 2m50 s into the

LOI burn so that the 15-minute abort is not required (because the DPS

a0ort is no longer time critical), the chart extends to 4m00 s into the

L01 burn. For this extreme case, the allowable execution errors within

the SM RCS midcourse capability (SM RCS AV of 100 fps is assumed) are
as follows.

i. tlG error = ±44 sec

2. Pitch error = +3.3 °

3. Yaw error = ±3.6 °

4. AV error = ±60 fps

8.2.11 Sample abort solutions.- Sample abort points and detailed
trajectory listings are presented in reference 28.

8.3 Docked DPS Burn Monitoring

Use of the DPS to perform an abort from lunar orbit has been de-

scribed previously. Burn monitoring procedures for such a maneuver

should be the same as described in reference 29 with the following

exceptions. For a TEI maneuver, the attitude deviation and the rate

limits should be widened to 20 ° and l0 deg/sec, respectively; thrust

transients are excluded because of the critical nature of such a burn.



42

The MCCAV for several attitude drifts is shownin table 8-111 through
the docked DPSabort burn. Becausethe LM control systems were designed
to perform dockedburns with the PGNCSonly and because it is not known
at present if the CSM/LMcan be controlled manually, the burn should be
terminated after the attitude deviation and rate limits are reached.
These wide limits provide maximumopportunity to complete the maneuver
as well as provide time for the PGNCSto aline the thrust through the
center of gravity. If a docked manual control capability can be identi-
fied, the crew should complete the abort maneuver rather than shut down
the engine. The MCCAV for several attitude drifts during a modeII
lunar abort are shownin table 8-1V. The AV cost is reasonably low.
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9.0 TRANSEARTHINJECTIONANDTRANSEARTHCOASTPHASE

9.1 Transearth Injection Monitoring

Both TEl and LOI occur behind the moon, and the monitoring procedures
and techniques for both are basically the same. The major difference is
that for TEl the guidance, control, and systems problems will all require
a continuation of the maneuver; that is, guidance and control problems
result in crew takeover and burn completion at the ignition attitude,
while SPSor spacecraft systems problems are ignored until the important
TEl maneuver is completed. A backup to the PGNCSTEl cutoff will be
performed by the crew at 2 secondspast nominal time, and confirmation
that the desired cutoff velocity has been achieved will be shownby the
EMSAV counter. Inadvertent terminations during TEl will be restarted
if possible within approximately 30 seconds, or a ground solution will
be required for a later abort attempt. Becauseabort targeting implies
severe SPSproblems and because a communications failure would be re-
quired before an onboard backup is needed, the extensive preflight effort
to generate TEl crew charts is unwarranted.

Manual takeover of the TEl maneuverwill occur when, as in LOI, the
crew confirms a deviation from the fixed inertial burn attitude by two
independent references. A rate limit of i0 deg/sec will require im-
mediate takeover, rate damping, and burn completion. The attitude
deviation limit was selected with the aid of figure 9-1, which shows
the MCCrequired for maneuverscontrolled by a drifting PGNCSplatform.
It is seen that a drift which produces a i0 ° attitude hhangeby the end
of the 160-second maneuver (fast return) requires an MCCof approximately
255 fps. The RCScapability at this point in the mission is approxi-
mately 175 fps, which meansthat the next MCCwould have to be madewith
the SPS. This alteration is acceptable because the i0 ° limit can be used
easily for both L01 and TEl and because the probability is low that a
platform drift will occur. Also, if the slower return time is used with
TEl, then the i0 ° limit falls within the RCS.

For consistency, any SPSabort maneuverwill be madewith the iden-
tical procedures used during TEl, which is in accordance with the time-
critical nature of execution of abort maneuvers. During TLC, an abort
that uses up to 7000 fps maybe required, while lunar phase aborts
generally require approximately 3000fps. Even though the previously _!
described takeover limits can result in large MCC's, smaller limits will
probably still require an SPSMCC. Also, the simplicity of having one
monitoring procedure for all SPSburns is an important consideration,
especially for the flight crew.
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9.2 Aborts During TEl and Transearth Coast

9.2.1 Introduction.- The TEl burn transfers the spacecraft from

the 60-n. mi. altitude circular LPO to the TEC. The transfer consists

of a single SPS burn of approximately 160 seconds and results in a AV

of 3251 fps.

To reiterate the philosophy of TEl burn monitoring: completion of

the TEl burn is mandatory; that is, a manual shutdown will not be

initiated for any CSM systems problem. If an early automatic SPS shut-

down occurs, an immediate restart will be attempted. Only if immediate

reignition is not possible will an RTCC abort solution be required.

Therefore, because abort targeting implies severe SPS problems and be-

cause an additional failure of communications would be required before

an onboard backup is needed, the extensive preflight effort to generate

TEl crew charts is unwarranted.

In the following paragraphs, general parametric data of abort AV

and total flight times are included to illustrate the possible trade-

offs that can be made in the final selection of the RTCC abort solution.

9.2.2 Characteristics of lunar trajectories that result from pre-

mature TEl termination.- The description of the three classes of trajec-

tories made in section 8.2.2 applies here, with the exception of the

respective TEl burn times.

i. Class 3 stable ellipses, TEl ignition to 90 seconds

2. Class 2 unstable ellipses, 90 seconds to 120 seconds

3. Class i hyperbola, 120 seconds to nominal TEl termination

The conic parameters at TEl termination are shown in figure 9-2

as a function of SPS burn time.

9.2.3 Abort modes.- The description of the lunar phase abort ma-

neuvers in section 8.2.3 applies here.

9.2.4 Abort _round rules.- If an automatic SPS shutdown occurs

prematurely and an immediate SPS reignition is not possible, the fol-

lowing abort criteria will be followed. The SPS is assumed to be

subsequently available.

i. TEl burn time - 00m00 s to im30 s. Because a stable lunar ellipse

exists, a mode III RTCC abort will be initiated.
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2. TEl burn time - im30 s to 2mo0 s. The preabort trajectory is an

unstable ellipse and a corrective maneuver is required; therefore, a

mode II RTCC abort that requires two SPS burns is initiated.

3. TEl burn time - 2mo0 s to end TEl. The preabort trajectory is

a hyperbola and a mode I abort is required.

It was stated in the previous TEl discussion that crew charts are

unwarranted because several CSM system failures must occur before they

would be needed. However, an important onboard backup is still avail-

able. After a TEl burn greater than 138 seconds in duration, the SC

will exit the MSI. The onboard return to earth program (P37) is now

available to calculate the return to earth maneuver. The high AV

requirements would be for a termination at 138 seconds because at this

time the SC is in the lowest energy ellipse of the region. However,

for this case, the AV = 2400 fps and the TFT = i00 hours, which is

well within the available AV of figure 9-3.

9.2.5 Mode I abort requirements.- The discussion in section 8.2.5

of LOI mode I aborts applies here. The FCUA abort requirements are

shown in figure 9-4(a) as a function of TEl burn time for various times

of abort ignition. The GETL for these aborts is shown in figure 9-4(b).

The abort AV required to return to the MPL at the nominal time of

landing (GETL = 192 hours) is shown in figure 9-5.

9.2.6 Mode II abort requirements.- The mode II abort is required

because for this range of TEl termination times the mode I abort is not

available (tlG = TEIIG plus 2 hr is assumed). In the TEl abort situation,

two SPS burns are required (section 8.2.6). The nominal value of AV I

is shown in figure 9-6(a) as a function of TEl burn time. An additional

line on the figure shows the maximum time at which the nominal AVI

could be applied to keep pericynthion above 40 n. mi.

As the first burn is delayed past 2 hours from TEIIG , the inter-

mediate period increases [fig. 9-6(b)]. For the nominal AV I at TEIIG

plus 2 hours, the total abort AV (AVI + AV 2) for FCUA and _PL returns

is shown in figure 9-6(c). The GETL for the FCUA returns is shown in

figure 9-6(d).

9.2.7 Mode III abort requirements.- The abort AV required for FCUA

and MPL aborts for terminations in the mode III region is shown in

figure 9-7(a). The GETL for the FCUA aborts are presented in

figure 9-7(b).
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9.2.8 SPS abort capability as a function of TEI burn duration.-

In the previous three sections, the abort requirements for the three

modes of abort were discussed. The purpose of this section is to sum-

marize the availability of an SPS abort capability for the entire TEl

burn. The FCUA abort capability for all three modes of abort is shown

in figure 9-8(a). The mode I abort and mode II first burn are initiated

at TEIIG plus 2 hours. The FCUA abort capability is seen to exist

throughout the burn. The effect on this abort capability when MPL returns

are desired is shown in figure 9-8(b). The net effect is an increase in

abort requirements and a reduction in the availability of the three

abort modes.

An important fact to be considered here is that mode II aborts

were definitely required for L01 DPS backup because a minimum time

constraint existed (2 hr from L011G) for the DPS ignition. In that

case, time was required to activate and aline the LM systems in addition

to the normal time required to target the RTCC abort maneuver.

Because the mode I abort initiated at LOIIG plus 2 hours did not

overlap the mode III region because of high AV requirements, the mode II

abort was required for L01 backup.

Although the Mode I and mode II aborts are nominally scheduled at

TEIIG plus 2 hours, the constraint on the time of ignition is not as

restrictive as that for LOI aborts. The maximum allowable delay time

from TEIIG to abort is shown in figure 9-9 for premature TEl terminations

in the mode I/mode II overlap region (FCUA returns). From the figure,

it can be seen that the earliest required time of ignition is 4.6 hours

after TEl ignition.

Finally, it should be reiterated that under no circumstances would

the TEl burn be terminated unless a total SPS engine or control system

failure occurred; that is, the SPS problems would have to be corrected

before a subsequent TEl abort could occur. The previous sections have

indicated that if a total failure occurred, complete TEl abort capability

exists.

9.2.9 Transearth coast aborts.- Other than small MCC's, aborts

during the TEC only would be initiated if a faster than nominal earth

return is required. The reduction in the available return time is

discussed in appendix C.
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i0.0 CONCLUSIONS

A continuous method has been defined for safe return!of the flight

crew to earth for the Apollo i0 mission, with or without ground control

help. The rationale and supporting data are contained in this opera-

tional abort plan. The supporting data consist primarily of (1) ma-

neuver monitoring techniques and limits used for protection against

known constraints, and (2) abort trajectory data produced by computer

simulations of the recommended abort procedures.

i0.I Launch Phase

Although continuous suborbital abort capability is provided during

the launch phase, the primary objective, besides to provide for crew

safety, is to continue to orbit. The orbit continuation can be ac-

complished when early S-IVB staging capability becomes available, when

the S-II is burning, and when SPS C0I capability becomes available

during the first S-IVB burn.

10.2 TLI and Translunar Coast

The postabort trajectories that result from early S-IVB shutdown

and the 10-minute abort procedure may result in land landings. Based

on the expected inaccuracies in the attitude alinement for the 10-minute

abort, an MCC will be required for aborts that occur after approximately
200 seconds into TLI.

All return to earth maneuvers from the translunar coast mission

phase are initiated at an attitude which causes the earth to appear in
the CDR's window.

The SM RCS provides a backup capability to return the SC to earth

after premature S-iVB shutdowns during TLI for most of the TLI burn.

10.3 LOI and Lunar Orbit

A complete return to earth capability exists for premature shut-

downs during the LOI burn as well as during the nominal lunar orbit

phase. The LM DPS provides a backup abort capability through the entire

LOI burn, and the LM communications backup to the CSM insures that

necessary ground targeting will be available.
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10.4 TEl and Transearth Coast

Shutdowns during the TEl burn can occur only as a result of inad-

vertent automatic shutdown because manual shutdowns are not required.

Immediate SPS restarts will be initiated. The only time an abort is

required is when an immediate SPS restart is not possible, which implies

serious SPS problems. Because communications failures would also have

to occur in addition to very serious SPS problems, backup crew charts

are not warranted.

During the TEC, an abort can shorten the return time if CSM system

problems occur. The primary constraint is the maximum entry velocity

possible.
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TABLE5-I .- LAUNCHSEQUENCEANDEVENTTIMESFOR

APOLLOl0 (MISSIONF) LAUNCHa

Time,
min: sec,

g.e.t.

-20:00

00:00

00:42

01:45

01:56

02:15

02:40.4

02:41.2

02:42.8

03:00

03:10.9

03:16.6

04:30

06:00

08:14.6

08:37

08:49.3

08:50.1

08:53.3

Event description

Arm the LEV, begin modeIA

First motion

Begin modeIB

Fixed time abort i (modeIB)

i00 O00-ft. altitude, begin modeIC

Cut off S-IC center engine (TB-2)

Cut off S-IC outboard engine (TB-3)

S-IC/S-II physical separation

S-If ignition

Fixed time abort 2 (modeIC)

Jettison S-If aft interstage

Jettison launch escape tower, begin modeII

Fixed time abort 3 (modeII)

Achieve S-IVB early staging orbit capability

LOXlow-level sense arm, (TB-3 + 334.2)

Begin modeIV C01 (two-impulse)

S-II engine cutoff (TB-4)

S-II/S-IVB physical separation

S-IVB ignition

aLaunch sequence for 72° launch azimuth
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TABLE5-1.- LAUNCHSEQUENCEANDEVENTTIMESFOR

APOLLOi0 (MISSIONF) LA[_CHa - Concluded

Time,
rain:sec,
g.e.t.

09:10

09:41

09:50

09:56

10:04

11:14.0

11:24.0

Event description

Fixed time abort 4 (mode II)

Begin mode III (no burn)

Begin no voice/no G&N mode I!I proced1_e,

tb = 2(t a - 590)

Begin mode IV CO1 (one--impulse)

Begin mode III (with burn)

S-IVB first guidance cutoff signal

Earth orbit insertion

aLaunch sequence for 72 ° launch azimuth
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TABLE5-11.- SCCONSTANTSUSEDFORAPOLLOi0 (MISSIONF)

LAUNCHABORTSTUDIESa

Launch pad ........................ 39A

Launch pad geodetic latitude, deg N ........... 28.608421

Launch pad longitude, deg W ............... -80.604132

SPSthrust, ib ...................... 20 560

SPSI , sec ....................... 314.8
sp

SPSthrust vector pitch offset (e.g. at launch), deg 3.629

ModeIII landing target range (AR = 0), n. mi ....... 3350

ModeIII target geodetic latitude, deg N ......... 26.48

ModeIII target longitude, deg W ............. -17.05

ModeIV target apogee altitude for two-impulse, n. mi. 200

ModeIV minimumtarget perigee altitude, n. mi ...... 75

ModeIV minimumaltitude during burn, n. mi ........ 75

Average time from drogue to main chute deployment for
launch aborts, sec ................... 308

Operational AVpad above hp = 75 n. mi. for CO1, fps i00

aAdditionsl constants which were used for these launch abort studies
are presented in appendix A.
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TABLE 8-II .- FI_EEN-MINUTE CREW CHART RESULTS FOR LOI

(a) Data for burn and for abort

L0I burn time

min: sec

00:00

00:40

01:20

02:00

02:40

03:20

04:00

L01 AV,

DVM, fps

0 0

287 39O

583 801

888 1233

1202 1688

1526 2164

1861 2665

Abort AV

fps

Landing conditions

Latitude, Longitude,

deg:min S deg:min E

Free-return point

25:14

25:09

24:59

24:51

24:43

24:34

Free-return point

60:39

60:56

61:18

61:51

62:32

63:25

li] I'0"93365763
-.070754927

[-.35110853

(b) REFSMMAT

-.34652012

-.42639754

-.83552916

(c) IMUgimbal angles

Roll, deg ...........

Pitch, deg ..........

Yaw, deg ...........

-.090594014]

0.90176433 l

-.42262731 ]

180.21

57.09

3.56
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TABLE 8-111.- EFFECTS OF PITCH DRIFTS ON AN LOI

MODE III ABORT MANEUVER a

b
Pitch drift,

deg

15

lO

5

0

-5

-i0

-15

AV for

midcourse corrections,

fps

9.4

ii .i

14.o

0.0

30.2

78.7

145.5

aData for SPS shutdown at 320 sec.

bValue at DPS cutoff.



8T

H
0

0

u_

A

_ r.-.l

P_

O O

_ H

O

b--I
I

O

O _
E-t

o
0"_

_._

_._ _
4 -_ _
,-t II)

0
.,--t

0,._

• 01-t

I:k

C
O

.el

0

I-t

o

._I

0 _ 0 _0

dd m,,6 _

_ _ _ o

_- o cO ,-I ,-I
,--t u'x co _ co

,-4 ,-I ,-I ,-I ,-I

0"1 ,-I Lr_ ,.-t ko

I I I I

o o o o 0

,S _A S _A S
,-t I ,-t

I

o

,-t

• _

O ._-t

-O O

m O

_ _ o
• ,-I o

® II
_ _ O

t/l



88

o..

o_.

J

i



89

I I
CO _1"

O0

I I I I
0 ,0 _ 00

Sap "!/_ 'el6ue qled-lqS!lj le!lJ_Ul

I

O

0
°o

e-I

I
C)

f-

t_

t_
e-

E
0
e"

e-
o

e- e-

4; e--

0

e-

e"

.--

Q

C

!

,4
!



9o

0

.°
0

r-I

OJ

.°
e-

E

0

E

.o
0J

E
._

t--

o

0

OJ I
Z U'_

_n
°l

I.L

sdJ a!A '/h!001o^ le!lJOUl

6ap "!), 'al6U_ _ed-_lq6!l:l I_!lJOUl

I I I I I I I l I
0,1 0 CO ,.,O _ 0,1 0 C_I _I"

• • • • • • I e |e

_-I i--t



91

O O
N

I I
(D O
C) O

r-I ,_

O O C, O

o3 ,D ,_-

Q
O
°°

(,_
,-4

°,
O

,o

oo
°°
,,O

O
O
°°
N

O
O
°°

N

• !m "u 'apnl!llV

I I I I I 1

C, 0 0 0 O _

• !uJ "u "jjo-lJ!l tuo,lj aou_s!p a6ueJ-uM0 o

8
u_

E

?

E

==

"8
m3

=>,
.q

(:

E

o

• B'
-I= O

u=:
.,,.,

-- rtl

O

"-o

==

I

cJ

IJ_



92

O

I

O

O

I

O

C_

I I I I I

O O O O O

O O O O O

(_ _ O O', CO

•!uJ "u 'JJ0-1J!l uJoJlB0uels!p_)BU_J-uMoc]

I
0

0

0

e_
°°

0

0
°,

i--I

i--I

0

=,--I

c_
i--I

6:

0

0
o°

0",

0

Crh

c_

0

0

C,

O0

I
O

O

,.O

°°
e-

E

E

o

(L}

E

-o

o

"1:3

oO
._ I°

I

Z

I.I.



93

0

0
.°

CM

I--I

,, ...... [!!!!!!!!!!!!

;IIIIIIIII_]!IIIIII]_III.'II[
_iil]iiiiii!!!]!!!!.:!!!

_,_lilllllilliiiiiiiii_

0 0

¢M 0

i-,4

0

0
°°

0

i--I

I 1 I
0 0 0

'q" U'3

i-4 i-4 i--I

'0

I I I I I I
0 0 0 0 0 0

_0 _ CO 0 '_ 0

i-4 i-4 i-4 i-I C_I C_I

lap '_lfiUeleClm!6 II0_1

I I I I I I

• ' ,-; ,-; _ d

6_p "el6U_ leqm!6 _A

I I

Lf3 L_

O

O

E
O
e-,

O

0
-o
n_

e-

.-_

_J

o

i

_d
I

U'3

P

°_



9_

e,,.
oJ

e,-

c--
0
o

e-

c-
o
e-
--t

D_

o

0--

!

!

0--



95

0 0 0 0 0

I'_ Cxl ,--I _.1
!

6ap '!Z "el6Ue q]ed-llt6!l>l le!l_u I

0

0

0

!

ill

t_l
0

Izl

E

I_l

0

__1

!

°-

LI.



96

i

CO

(%1

o

E

o=
:E

L

Z

I°

.o
._m

LL



9T

0

.cl

o

i

d,

P_
LL



98

CO

o_
t_
O

qr-

.=.
°_

e.-
O

0B

0_

°_

o

O

.9°

qr-

D

@,J

m
!

!

GO
!

1.1'3

0_
1.1..

O

Sap ,!/. ,alSU_ ql_d-lq6!lJ I_!_,,aaUl



99

6ap ,!2, 'Is0qg Ig al6U_ qlgd-lq6!IJ Ig!ISaUl

0

0

e_

e-.

m

°m

0_

fO
¢.)

0

°_

0

,0

!

0",

o

°_
LI.-



i00

" 0
0 0

I] 0,

o o o

ol

 SDI

oJ

Xx

:4_4x
Xx x4.n
Xx X
Xx X

0

I_
X_x Gaas)O_Id
Xx •
XXX
XXX

XXX

z

0 a_8^

I,l.I

z
v

1

XX

X
X

z

_m

hm

• .Xl
xXXl

_-I
I... I... Im K

aJ

aJ
E

o,
ul

c:

o

v

e_

I

I
U'3
_J

._

LI.



101

_r_

X
N

Altitude rate, fps

i°

o,

I

N

i -r'x

0

¢-

c-

e-

_J

o

&
e-

_u

E

!

J,

"-'1

°_

sdJ'a),eJaPn),!),lV



102

u!m:_p 'Pl'aPnt!lel3!ia_e6qUoN

'_ _ \ I , Jl :.i l.q
- = \ I |;i i _- Ii _ \ _ ;.'' l°;

\ I ii!: t_ !_i.

........ _ ......... _ ......... _ ......... I ......... I' '_ I l q r _r_ ...... _ ...... _ ........ I' [ 'l[ll I' I _ ..... .... r q I ' l l q ......... _ .... _ -- _ =

......'.'i"_"_i"o,;,,_,./J ,ii _ _

....
< I : ° _E

;ii: i< _"

-- ///._/¢Yl # _- _ I_:-.

_ e

_2 " f" % b\\



]03

_op 'Pl 'opn_!_EI_[_op0o__JON

E

m

{-.

--s
o

o

t/l

u_
r--4

r"

"-S

.E

C-
O
(J

O

O

_r_
r"

r"
f_3

D

O

(_

D>

O

!

o
"-s

.m
i,



104

I

I

0

r-I

I I I I I I

pu 'xeuJ6 '.lo_,0ej peoI/Lqua wmu!X_lAI

I I I I I I

0 0 0 0 0 0

o. ._. _.. o. ._. e4."
0 CO I_ 40 _ ¢'7

0gs:u!m 'JJ_,'apnl!_l e :laaJ 000 00_ ol _oqe tu0_j auJ!l lleJ-aaJ_-I

I

0

I

0

C)
°°

t"_l ,

>

°_

QJ

i
t13

:E
o= _

I

m_

0

N

c

o

N
°_

O

O

C4

O

O
_°

i

e-

E

O

E

O

i
I

O

!

I

U7

h



105

O

O

E

r-

r_

I,

O

o
O

O

o0
O_

O

O
oo

O0

oo
e-

E

O

O

n_

-a

c-

o

CD

O
oo

O

O
o0

O

O
oo

r_

E
o

03

E
o

O

r_

.=

O

e--.m

O

o
c-
o
.m

uJ

!

u_

A

u_



106

6ap '!d 'u0!l!u6! SdS le leqm!6 401!d nwl l:le,_°a°eds

o_
i.t1-'1

oo
o -_

"o_
e--

0

0

!

113
0

I:_ .__
LI_

0

o0



107

0 0

6op '!el'_,6_0"_I__16u_l_qm!64O:l!dny_l:U_ooo_dS

.9,°
o

e-

e-

E
o

qJ

.p
e-

e--

e-

!

!

U3



108

I

o
r-¢

I

o

03

0 0 0 0 0
0 0 0 0 0
'_" 0 ,D (_I CO

sdt 'dlAv 'V_I(] :le pue I ol pa_!nbaJ AV SdS

I I I I I

pu '_w6 '_010eJ pe01 /;_ua umw!Xel/_

I

o
o

o
o

I

I I I I

o o (_ o
o c, c_ c,

0as:u!w 'JJl'apnl]lle

laeJ 000 001E 01 JJ01n0 SclS Lu0Jj euJ!l IleJ-aaL-I

I

o

o

r_
o

X

_o

uq

o

00

..o

,4

o

04

cO

¢el

..D

I

o
o
°°

..--4

o

o_
>_

Oe_l e-4

e-I

O
O

i--t

O

,5

.=_
o E

o

o

o_
o "$
r-I

o

o ,3
,5

o

O
r-I

O
U3

O"

.9

o_

E

u_

u_

i

0_

a_

h



109

o
o

P

P
o
m
°_

o

B

g

o
o

o

g

I

P



110

C,
_0

I

iiil

U3 _ I/3 _ _ ,q- _

6_p '!cl 'uo!1!uS! SdS :lSJ!J_e elSue leqtu!5 4ol!dnl_ll lJe_oeoedS

I I t I I I I

Sap '!d 'uo!l!u6! SdS puooes ]e al6Ue leqLu!5 LlO]id NIAII ]JeJoaoeds

I
0

o
i,-,4 "_

8
o _

o _
E

- _ _ -.,

..

-,-_'_ _ _

o _ _

N _ °

0 >

I

d

-_._.ss "



111

I

O,

I
0

00
,-4

CO

I I

Second SPS burn time, t.B2, sec

I I I I

CO

I
O

i--4

p.,.

I
0

First SPS burn time, tB1, rain

! I I

I I I I I I

O O 0

_I l--+

sdj "_AV 'A_ SdS pu00as

0 0

I
0

>:

T:
o

E
o

ft$

+a
+/>

o

o_
>

I

_J

h



112



113

E

.<

114

ii0

106

102

98

94

90

86

82

78

74

70

- E

F,
.90

"8

o_
I-

22:00 _ i:_ _ _

SPS ignition

20:00 _tlG=90sec

_i aft.er abort

F A Li,,d,_

z6:ooI_ _ _:-_

12:00 _ !_ _ ::!_;_
IZ

 o:oo  !ii
_: i_

8:00 1

6:00 i

4:O0 ii

2:00

0:00

Time of free fall, tff _:

_N NN_N
hO0 2:00 3:00 4:00

9 04 Llii '

5:00

Ground elapsed time, min:sec

Figure 5-23.- Minimum conditions during typical mode IV abort burns from the

nominal trajectory.
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IGNITION

TIME OF CUTOFF

BURN I
i ATTITUDE CHECK I

(HORIZON/STARS) I

NO

YES
I- ...... "i

I DSKY I
I CHECK J

NO'GO

[ BACKUPCUTOFF I

Figure 7-3.- Basic crew maneuver monitoring technique.



c
,m
t.. E--._

Z

I I

I

roc

c)

Z

/

_P 'al6Ue leqtu!6 LI3_!d le!gaUl

I I I I I I

6_p 'al6Ue leqLu!6 q:)),!d le!pau. P_),sn[pv

E

o=__ L

t

t-

_.)m C:

¢:)

=o

_n.m

o

o

u_

0_

e"

m

!

0_



123

_x

I

\
I

-o=

o

4-

E

f

o--_.

o

6_p'_16uelequJ!6Me/;le!IJaUI

_o

°_

•:-.e_

c c

z

I -

c

E

m

i



124

c

E

E
.m

!

6ap 'al6Ue IL'qm!6Me,{le!UaUl



125

Initial earth-fixed
attitude alignment

<
J

Thrust vector

4.7 °

-of-sight to
far horizon

Crew referenced: crew heads-up

(Xb, Z b in orbital plane)

Note: Crew aligns earth horizon
on +1 degree vertical
reticle mark.

Earth horizon

CSM c.g.

Figure 7-7.- Definition of attitude for fixed-attitude aborts from TLI.
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Initial earth-fixed
attitude alignment

<
6 °

Thrust vect of-sight to
far horizon

Crew referenced: crew heads up

(Xb, Z b in-orbital plane)

Note: Earth horizon should appear
slightly above the +2 degree
vertical reticle mark.

Earth horizon

Thrust vector

Figure 7-17.- Definition of attitude for TLI-plus-90-minute aborts.
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Figure 7-19,- Midcourse correction delta velocities

for various pitch pointing errors required to achieve

the contingency target line and the Atlantic Ocean
Line (AOL) as a function of time from SPS cutoff,
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APPENDIX A

CONTINGENCY ANALYSIS SECTION MISSION F DATA PACKAGE a

The data that were compiled by the Contingency Analysis Section,

Flight Analysis Branch, to generate abort studies for Apollo l0

(Mission F) are presented in tables A-I through A-IX and figures A-I

through A-4.

The Reentry Studies Section, Landing Analysis Branch, advised that

the entry corridor and target lines as defined in figure A-3, which are

the same as those used for the C' mission, are sufficiently accurate

for premission studies for the F mission. The primary entry mode to

be used in the abort studies will be a simulated constant relative

entry range of 1350 n. mi. If necessary, entry range functions and

end of mission L/D will reflect C' values. The landing areas (fig. A-4)

to which aborts will normally be targeted are the same as those used
for the C' mission.

aThe information in appendix A was taken from MSC memo 69-FM36-59,

February 13, 1969.
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TABLE A-I.- ABORT CONSTRAINTS

&V
max

AV
max

AV
max

Par amet er Value Comment

(SPS - CSM 0nly), fps

(sPs - csM/m_), fps

(DPS - CSM/LM), fps

Return to earth
max

inclination, deg

VEI fpsmax '

VEI , fDS
max

i0 000

5 000

2 000

Assumes no propellant

yet burned

4O

36 333

37 500

Nontime-critical aborts

Time-critical aborts
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TABLEA-II.- CSM-106/LM-4MASSDATA

CSMweights

Commandmodule, ib .............
Service module, ib .............
SLAring, ib ................
CSMless prop., ib .............
SPSprop., ib ...............
CSMwith prop. at launch, ib ........
CSMat T&D, lh ...............
CSMpost-T&D ................

CSMat LOI-I, ib ..............

CSMat TEl, ib ...............

LMweights

Ascent stage less prop., ib ........
LMRCSprop., Ib ............
LMAPSprop., ib ..............
Ascent stage with prop., lh ........
Descent stage less prop., ib ........
LMDPSprop., ib ..............
Descent stage with prop., ib ........
LMwith prop. at launch, ib ........
LMat T&D, ib ..............

CSM/LMdocked weights

CSM/LMpost-T&D, ib ............
CSM/LMat LOI-I, ib ............

12 276.8
l0 641.8

98.0
23 016.6
40 633.7
63 65O.3
63 644.9
63 560.9

a62 647.5
b37 858.0

4 781.0
611.8

2 619.0
8 011.8
4 703.0

18 134.0
22 837.0
3O 848.8

30 846.1

94 4o7.o

b93 133.0

aFrom alternate mission LOI-I burn trajectory.

bThese values were obtained from reference 4. All other

mass data are from reference 3, amendment number 35, dated

January 20, 1969.
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TABLE A-Ill.- REFSMMATS

REFSMMATS a are based on a May 17, 1969, launch from pad 39A on an

azimuth of 72 ° , with TLI occurring on the first opportunity. Time of

launch is 16:33:49.371 G.m.t.

i. Launch pad REFSMMAT b

-.75732833-00 .59401643-00
12185155+00 .53667480-00

64156523-00 -.59927005-00

.27128990-00]

-.83494452-oo|

.47882088-00]

2. Lunar landing site REFSMMAT c

.93365762-00

-.70754921-01

-.35110853-00

-.34652012-00

-.42639751-00

-.83552916-00 -.90594009-011
.9O176433-OO

-.42262729-00

3. Passive thermal control (PTC) REFSMMAT c

-.45500032-00

-.89049127-00

.00000000-00

-.81698549-00

.41744222-00

.39784005-00

-.35427310-00]

1810Z735-001

-.91745479-00]

aThe REFSMMAT's are listed in the following format.

XX XY XZ

YX YY YZ

ZX ZY ZZ

bThe launch pad REFSMMAT was generated by the Flight Analysis

Branch based on launch data from reference 4.

CThe lunar landing site and PTC REFSMMAT's were obtained from

Lunar Mission Analysis Branch.
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TABLEA-IV.- TRIMAERODYNAMICCOEFFICIENTSa

FORBEGINNINGOFMISSION

[XCG= 1040.92, YCG= -0.i0, ZCG= 5.64, WEIGHT= 12 071.30,
DELTAX = -100.33, BANKANGLEBIAS = -1.02 DEG,PITCHTRIM= 3.629 DEG]

MACH NO. ALPHA CL CD CL/CD

0.20

0.40

O.7O

O.9O

i.i0

1.20

1.35

1.65

2.00

2.40
3.00

4.00
i0.00

29.50

171.12

167.99

165.51
162.86

156.47

156.55
155.37

154.55

154.58
155.19
155.59
157.39

157.98

161.30

0.22658

0.22656

o.25o65
0.30414

0.46833

0.45643

0.53731

0.53220

0.51872

0.49174

0.46405

0.42681

0.41460

0.37067

0.82699

0.85598

0.99152

1.07398

1.18826

1.17343

1.29459

1.28217

1.29861

1.26969

1.24684

1.23790

1.24858

1.31264

0.27398

0.26468

0.25279

0.28319

0.39413

0.38897

0.41504

0.41508

0.39945

0.38729

0.37218

0 o),hvo

0.33206

0.28239

aThe trim aerodynamic coefficients were generated by Flight

Analysis Branch based on mass data from reference 3, amendment

number 35, dated January 20, 1969.
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TABLE A-V.- WEIGHT VERSUS CG FOR DOCKED SPS BURN

ASSUMING APS AND DPS HAVE NOT BEEN BURNED a

WEIGHT,
LBS

67 242

69 h42
71 642

73 842

76 042

78 242
80 442

82 642

84 842

87 042

89 242

91 442

93 642

95 842

XCG,

INCHES

247.00

242.02

237.76

234.12

231.05
226.41

220.86

216.03

211.88

208.35

205.38

202.96

201.01

199.57

YCG,

INCHES

0.99
1.31
1.62

1.9o
2.17

2.32

2.35

2.38

2.40

2.43

2.45
2.48

2.5o
2.52

ZCG,

INCHES

3.04
2.99

2.95
2.91
2.86
2.95

3.17
3.38

3.58
3.77
3.94
4.12

4.28

4.43

PITCH,

CG

-o.7o5
-o.7o8
-0.710

-0.712

-0.710

-0.746
-0.822

-0.896

-0.968

-1.o36

-1.100

-1.163

-1.219

-1.273

YAW,

CG

0.230

0.310

0.389
o.464

0.537

0.587
O.6lO
o.631
0.650

0.667

0.684

o.699

0.712

0.723

aTable A-V was generated by Flight Analysis Branch based on

mass data from reference 3, amendment 34, dated January 10, 1969.

Additional tables derived from table A-VI will be generated as
needed.
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TABLE A-VI .- WEIGHT VERSUS CG FOR CSM WITH SPS

PROPELLANT ON BOTTOM OF TANKS

WEIGHT,

LBS

23

25

27

29

32

34

36

38

4O

43

45

47

49

51

54

56
58

60
62

65

XCG,

INCHES

200 983.59

400 971.98

600 962.87

800 956.14

000 951.27

200 947.83

400 945.61

600 944.33

800 943.91

000 944.15

200 944.98

h00 942.86

600 939.03

800 936.22

000 934.30

200 933.17

400 932.72

600 932.90

800 933.62

000 934.89

YCG,

INCHES

-2.82

-1.61
-o .59

0.28

i .02

i .67

2.25

2.75

3.21

3.61

3.98

4.15
4.12

4.09

4.o6

4.03

4.Ol

3.99

3.97

3.95

ZCG,

INCHES

8.01

7.45

6.98

PITCH

CG

-3.O5

-3 .O7

-3 .O8

YAW

CG

-1.07

-0.66

-0.26

6.58

6.23

5.93

5.66

5.42

5.21

5.03

4.85

4.90

5.17

5.42

5.65

5.86

6 .o5
6.24

6.4o

6.56

-3.06

-3.02

-2.96
-2.88

-2.79

-2.70

-2.59

-2.49

-2.56
-2.80

-3. Ol

-3.20

-3.35

-3.48

-3.58

-3.65

-3.69

0.13

0.50

o.84
1.15
1.42

1.66

i.87

2.o4

2.17

2.23

2.27

2.30

2.31
2.31

2.29
2.26

2.23
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WEIGHT,
LBS

i4 ooo

i4 5oo

15 000

i5 5OO
16 ooo

i6 500

17 ooo

17 500
i8 ooo

i8 50o

19 ooo

19 500
20 000

2O 5OO
21 000

21 500

22 000

22 500

23 ooo

23 50o

24 000

24 500

25 000

25 5OO
26 000

26 500
27 OO0
27 500
28 000
28 500

29 00o

29 500

30 000

3O 5OO

31 000

31 500

32 000

32 500

TABLE A-VII.- WEIGHT VERSUS CG FOR LM WITH APS

AND DPS PROPELLANT ON TOP OF TANKS

XCG,

INCHES

213.14

212.13

211.12

210.13

209.13

208.15

207.19
206.23

205.29

204.36

203.43

202.53

201.63

280:;73
199.84

198.99

i98.i2
197.25

i96.38
195.56

194.69

193.85

193.02

192.20

191.37

190.53

189.72

i88.9i

188.09

YCG,
INCHES

-0.64

-0.62

-o.6o

-o. 58

-0.56

-0.54

-o. 53

-o. 51
-o. 50

-0.49

-o. 47
-o.46

-0.45

-0.44

-o. 43
-o.42
-0.41

-o. 40

-o.39

-o. 38

-o. 37

-o. 37
-o.36

-o .35

-0.35
-0.34

-0.33

-O.33

-0.32

187.26

186.47

185.64
184.81

183.99

183.58

183.23
182.88

182.55

-0.32

•-0.31

-0.30

-0.30

-0.29

-0.29

-0.29
-o. 28
-0.28

ZCG,

INCHES

-o.9o

-o. 87
-o.84

-o. 8i

-o.78

-o.76

-o .74

-o .72

-0.70
-o. 68

-o.66

-o.6_

-o. 63

-o .6i

-o. 6o

-o. 58

-o. 57
-o. 56

-o. 55

-0.53

-o. 52

-O. 51

-o. 5o

-o .49

-o.48

-o .47

-o. 46

-o. 46

-o.45

-o.44

-o .43
-o .43

-o.42
-o. 41

-o. 4o

-o.4o

-o. 39

-o .39

PITCH

CG

0.87

0.85
O.84

0.83

0.82

0.80

0.8O

0.79

0.78

0.77

0.77
O.76

0.75

0.75
0.75
o.74

0.74

o.74

o.74
o.74

o.74

o.74

0.74

0.74

0.74

0.74

0.75

0.75

0.75
o.76
o .76

o .77

0.78

o.79
o.78

o.78

o.78

o.77

YAW

CG

-o .62
-o. 6i

-0.60

-o. 59
-o. 58

-o. 58

-o._7

-0.56

-o.56

-o.55

-o. 55
-o. 54

-o. 54

-o. 54

-o. 53

-o. 53
-O.53

-o. 53

-o. 53

-0.53

-o. 53

-o. 53

-o. 53

-o. 53

-o. 53
-0.53

-0.53
-o. 5B

-o.54

-o.54

-o.55

-o .55

-0.56

-0.56

-0.56

-0.56

-o. 56

-0.55
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TABLE A-VIII.- WEIGHT VERSUS CG FOR CSM WITH SPS

PROPELLANT ON TOP OF TANKS

WEIGHT, XCG, YCG, ZCG, PITCH, YAW,
LBS INCHES INCHES INCHES CG CG

23 2OO
25 400

27 6oo
29 800
32 ooo
34 2O0
36 400

38 6OO
4O 8oo
43 000
45 200
47 400

49 6oo

51 8oo

54 000

56 200
58 4oo
6o 6oo

62 800

65 ooo

982.28

981.18

979.27

976.62

973.41
969.77

965.84
961.63

957.15

952.52
947.72

947.64

948.14
947.91

947.04

945.59

943.66

941.28

938.50

935.70

-2.58
-1.40
-0.40

0.46
1.19
1.83
2.39
2.89
3.34
3.74
4.i0

4.i8

4.i5
4.12

4.o9
4.o6

4.04

4 .o2
4.oo

3.98

8.25

7.67

7.18

6.76
6.4o

6.09

5.81

5.57

5.35

5.15
4.98

5.ll
5.38

5.62

5.84

6.o4

6.23

6.40

6.56

6.72

-3.17

-2.97
-2.81

-2.70
-2.61

-2.55

-2.51
-2.48

-2.47

-2.47
-2.49

-2.56
-2.68
-2.80

-2.94
-3.08

-3.23

-3.39

-3.57

-3.75

-0.99

-0.54
-0.16

0.18

0.49

0.77

i .03

1.29

1.54

i .79
2.O5

2.09

2.07
2.06

2.o6
2.07
2.09
2.13

2.17
2.22
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TABLE A-IX.- WEIGHT VERSUS

DPS PROPELLANT ON

WEIGHT, XCG, YCG,

LBS INCHES INCHES

14 ooo

14 5oo

15 000

15 5oo
].6 ooo

16 500

17 O00

17 5oo
18 0o0

18 5oo

19 000

19 5oo

20 000

20 500

21 000

21 500

22 000

22 500

23 000

23 500
24 000

24 500

25 000

25 5OO

26 000

26 500

27 000

27 500
28 000

28 500

29 000

29 500

30 000

30 500

31 000

31 500

32 000

32 500

208.60

206.04

203.73

201.63

199.72

197.97

196.38

194.92

193.59

192.35

191.23

190.21

189.27

188.41

187.62

186.92

186.24

185.66

185.14

184.67

184.2i

i83.85

183.52

i83.22

i82.95

i82.73

i82.56
182.41

i82.28
i82.i9

i82.i5

182.ii

i82.1i

i82.16

182.20
181.88

i8i.52

181.18

-0.67

-o.65
-o.62

-o.6o

-o .59
-0.57

-o .55

-o. 54

-0.52

-0.51

-0.49

-o.48

-0.47

-0.46

-o.45
-o.44

-0.43

-0.42

-0.41

-o.4o

-0.39

-o. 38

-0.37

-0.37

-0.36

-0.35

-0.35
-0.34

-O.33

-0.33
-0.32

-0.32

-0.31

-0.3i

-0.3O

-0.3O

-0.29

-0.29

CG FOR LM WITH APS AND

BOTTOM OF TANKS

ZCG, YAW

INCHES CG

.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

O.

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

PITCH

CG

58

56

54

52

5O
49

47
46

45
44

42

4i

4O

39
38

.37

.37

.36

.35

.34

.34

.33

.32

.32

.31

.30

.30

.29

.29

.28

.28

.27

.27

.26

.26

.26

.25

.25

-o.6o

-0.61

-o.62

-0.63

-0.63

-o.64

-0.64

-o.64

-o.65

-0.65

-o.65

-0.65

-0.65

-0.65

-o.65

-o.65

-0.65

-0.65
-o.64

-0.70

-0.71

-0.72

-0.73

-0.73

-0.74

-0.74

-0.75

-0.75

-0.76

-0.76

-0.76

-o. 76

-o .76

-0.76

-0.76

-0.76

-0.75

-0.75

-o.64
-o .64
-0.63

-0.63

-0.62

-0.61

-0.61

-0.6O

-0.59

-0.58

-o. 57

-0.57

-o. 56

-0.55

-0.54

-0.53

-0.53

-0.52

-0.52

-o.74

-o.74

-0.73

-0.73

-0.72

-0.71

-0.70

-0.70

-0.69

-0.68
-o.67
-o.66

-o.65
-0.64

-0.62

-0.61

-0.61

-0.61

-0.61
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APPENDIX B

MAJOR MISSION F MISESTONES

FOR THE CONTINGENCY ANALYSIS SECTION
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APPENDIX C

TIME CRITICAL ABORTS FOR THE F MISSION
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APPENDIXC

TIMECRITICALABORTSFORTHEF MISSIONa

Abort parameters that result in minimumreturn times for the F
mission are presented in figures C-1 and C-2. The minimumtime from
abort to landing as a function of ground elapsed time of abort is
shownin figure C-1 for the translunar coast, free-return trajectory,
and transearth coast. Although the data were generated in the unspecified
area mode, approximate points have been identified during the three
phases for which the landing areas for the time critical aborts would
be one of the five contingencylanding areas. In figure C-2, the
impulsive abort AV and inertial velocity at entry are shownfor those
phases where either the maximumavailable AV could not be used or
where the time critical abort entry velocity constraint of 37 500 fps
was not reached.

Becausethe maximumabort AVduring translunar coast could be
achieved by first a burn by the DPSengine in the docked configuration
(AV = 2000 fps) and then a Jettison of the LM and a burn by the SPS
engine for the CSMonly (AV = l0 000 fps), the aborts during translunar
coast were generated with an impulsive AV of 12 000 fps assumedto get
an approximate, if optimistic, estimate of the minimumreturn times
possible. Note that after approximately 73 hours g.e.t., the fastest
return times require a coast past pericynthion before the abort is
performed. All aborts used the entire 12 000 fps; none of the
trajectories exceeded the entry velocity constraint (fig. C-2).
For purposes of comparison, CSMonly aborts (AV = l0 000 fps)
are also shownfor the translunar coast.

Aborts from the free-return trajectory are constrained by the
maximumallowable entry velocity (VEI = 37 500 fps); therefore, the AV
capability of the spacecraft (AV = 12 000 fps) is never reached (fig. C-2).

Transearth coast aborts were generated from a AV of 2500 fps based
on the CSMweight and SPSpropellant that remained after transearth
injection. The maximumallowable entry velocity is never reached for"
these aborts with a AV of 2500 fps (fig. C-2).

aInformation in this appendix was taken from MSCmemo69-FM36-58,
February 18, 1969.
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